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(57) A photovoltaic element having a wire disposed 
on a surface of said photovoltaic element for outputting 
a power generated by said photovoltaic element, and 
an electrode electrically joined with said wire while form- 
ing a joining portion, wherein said joining portion of said 
wire and said electrode has at least a first join ing portion 
and a second joining portion which is adjacent to said 
first joining portion, and said second joining portion has 
an elasticity which is greater than that of said first joining 
portion. A process for the production of said photovoltaic 
element. A method for forming an electrical continuity 
between a covered wire and a conductor, including a 
method of removing a cover portion of said covered wire 
and a method of joining said covered wire with said con- 
ductor. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a photovoltaic element including a solar cell, a process for producing said 
photovoltaic element, a method for removing a cover portion of a covered wire, and a method for joining a covered 
wire and a conductor. More particularly, the present invention relates to a photovoltaic element having an improved 
10 electrode structure, and a process for producing said photovoltaic element. 

2. Related Background Art 

[0002] In recent years, public attention has been focusing on a sunlight power generation system. Along with this, 
15 there is an increased demand for providing a large area photovoltaic element at a reasonable cost which enables one 
to establish a desirable sunlight power generation system at a reasonable cost. In general, a photovoltaic element has 
a photovoltaic layer (comprising a photoelectric conversion semiconductor layer), and in the photovoltaic element, the 
resistivity of a charge in the photovoltaic layer against its migration in an elemental face direction is large. Because of 
this, in the case of a large area photovoltaic element, in order to diminish a joule loss due to the migration of the charge 
20 in the elemental face direction, an electrode comprising a metal (this electrode will be hereinafter referred to as metal 
electrode) which has high conductivity is provided on the surface of the photovoltaic element. 

[0003] In the case where the metal electrode is provided on the side where light is impinged, because the metal 
electrode is generally opaque, it is formed such that it does not shut out incident light as much as possible. On the 
other hand, in the case where the metal electrode is provided on the side where no light is impinged, it may be formed 
25 on the entire surface involved but in view of reducing the cost, it is often formed at a minimum necessary portion thereof. 
[0004] Now, for instance as shown in FIGs. 7(a) and 7(b), it is known that an electrode 700 is formed in a comb- 
shaped form on a light incident side face or a back side face of a photovoltaic element (not shown). FIG. 7 (a) is a 
schematic plan view of said electrode, and FIG. 7(b) is a schematic cross-sectional view taken along the line H-H' in 
FIG. 7(a). 

30 [0005] In the case where the electrode 700 is formed on the light incident side face, when the electrode 700 comprises 
a comb-shaped electrode comprising a plurality of wire electrodes being arranged at a prescribed equal interval as 
shown in FIG. 7(a), it is possible to effectively collect charges while restraining the joule loss. In the case where the 
electrode is formed on the back side face, it can be formed at a low cost because it can be formed using an electrode- 
forming material in a small amount. However, the formation of such electrode is generally conducted by a method 

35 wherein an electrically conductive resin material 702 is screen-printed on the surface of the photovoltaic element, 
followed by subjecting to sintering treatment, and a solder paste 701 is screen-printed thereon., followed by subjecting 
to reflow soldering. However, in this method, it is difficult to thicken the thickness of the electrode, and therefore, in the 
case where the photovoltaic element involved is of a more large area, it is difficult to attain an effect of sufficiently 
diminishing the joule loss. 

40 [0006] In order to improve this situation, Japanese Unexamined Patent Publication No. 36395/1997 discloses a 
configuration for a comb-shaped electrode as shown in FIGs. 8(a) and 8(b) in that a core wire 801 whose thickness 
being capable of being thinned and an electrode 802 are used. FIG. 8(a) is a schematic plan view of said comb-shaped 
electrode, and FIG. 8(b) is a schematic cross-sectional view taken along the line l-l' in FIG. 8(a). Particularly : the comb- 
shaped electrode shown in FIGs 8(a) and 8(b) comprises a covered wire comprising a metal core wire 801 covered 

45 by an electrically conductive resin material 803 which is bonded onto the surface of a photovoltaic element (not shown) 
by way of thermocompression bonding. And in said publication, there is described that the covered wire is joined with 
an electrode 802 through a metal layer comprising a solder or the like or an electrically conductive resin material. 
[0007] Incidentally, for the conventional comb-shaped electrode in which the core wire and the electrode having such 
configuration as above described, it is difficult to make the comb-shaped electrode to have a sufficient resistance to 

so stress. For instance, in the case where the core wire is joined with the electrode only through a metal layer by way 
soldering, although the joining may be conducted in a low resistance state, the joined portion is poor in flexibility and 
therefore, there is a problem in that the stress added to the core wire is converged to the joint of the joining portion of 
the core wire, where the core wire is liable to readily fracture at the joint thereof. In the case of a solar cell module in 
which such photovoltaic element is used, there is a tendency in that the above situation lead to entailing such problems 

55 as will be described in the following. That is, due to the stress remained at the core wire and a load applied onto the 
solar cell module by virtue of wind or snow, the solar cell module is flexed, where stress is eventually applied to the 
core wire and further stress is applied to the core wire when the temperature of the photovoltaic element is changed 
and as a result, the core wire is ruptured at the joint of thereof, resulting in a decrease in the energy conversion efficiency 
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(the photoelectric conversion efficiency) of the solar cell module. 

[0008] Separately, in the case where the core wire is joined with the electrode only through the electrically conductive 
resin material which comprises a composition comprising electrically conductive fine particles dispersed in a given 
resin, a current flow passage comprising said electrically conductive fine particles is formed between the core wire and 

5 the electrode, where gaps among the electrically conductive fine particles are filled with the resin to retain the current 
flow passage. In this case, it is also difficult to make the comb-shaped electrode to have a sufficient resistance to 
stress. That is, when it is intended to increase the current flow passage so as to lower the resistance, it is necessary 
to increase the content ratio of the electrically conductive fine particles in the electrically conductive resin material. In 
this case, the content ratio of the resin which serves to retain the current flow passage is decreased and as a result, 

10 the flexibility of the jointing portion is diminished, where a sufficient resistance to stress cannot be attained. Therefore, 
there is also a tendency in that such problems as above described are entailed. 
[0009] In the following, description will be made of a covered wire. 

[0010] The covered wire means a composite comprising a core wire covered by a coating material. There are known 
various covered wires such configured, which are used various fields. For instance, there are known covered wires 

15 whose core wire comprising a wire for transmitting light such as an optical fiber which are used in the field of optical 
instrument; covered wires whose core wire comprising a wire for transmitting heat which are used in the field of refrig- 
erator and also in the field of temperature meter; and covered wires whose core wire comprising a wire for transmitting 
electromagnetic field which are used in the field of electronics. Particularly, in the field of solar cell, it is a common 
technique that a covered wire comprising an electrically conductive core wire covered by an electrically conductive 

20 resin material is disposed on the surface of a photovoltaic element in order to collect a power generated by the pho- 
tovoltaic element. 

[001 1 ] The cover of the covered wire is generally used for the purpose of preventing a thing to be transmitted by the 
core wire from leaking to the outside or for the purpose of releasing said thing while adjusting the quantity thereof. 
However, there is a case in that the covered wire is preferred to be made such that it has an exposed portion with no 

25 coat. As such case, there can be mentioned, for example, a case in that a covered wire whose core wire comprising 
an optical fiber is made to have an exposed portion with no coat so that light leaked through said exposed portion can 
be received by a detector, and a case in that a covered wire whose core wire comprising a copper wire is made to 
have an exposed portion with no coat and said exposed portion is used as a switch of making ON or OFF by attaching 
a connector to or detaching said connector from said exposed portion. 

30 [0012] The formation of a covered wire having such exposed portion can be conducted by a method of forming a 
covering coat on a given core wire except for a prescribed portion of said core wire. However said covered wire can 
be readily formed by a method of forming a covering coat over the entire surface of a given core wire and removing a 
prescribed portion of the covering coat on the core wire by radiating energy beam such as laser beam to establish an 
exposed portion at said covered wire. 

35 [0013] Japanese Unexamined Patent Publication No, 7825/1995 (hereinafter referred to as document 1) discloses 
a technique in that a covered wire comprising a gold wire or a gold-piated wire as a core wire covered by a covering 
material comprising an insulating resin material is extended in the air and excimer laser beam is radiated to a prescribed 
portion of the covered wire to remove the corresponding portion of the cover of the covered wire to make the covered 
wire have an exposed wire potion. 

40 [001 4] Japanese Unexamined Patent Publication No. 1 74263/1 997 (hereinafter referred to as document 2) discloses 
a technique in that YAG laser beam is radiated to a prescribed portion of a covered wire whose cover comprising an 
insulating material which is wound on a terminal to remove the corresponding portion of the cover of the covered wire 
to make the covered wire have an wire exposed portion. 

[0015] Incidentally, there are known various structures comprising a covered wire having a portion with no cover (an 
45 exposed wire portion) and a separate component (capable of transmitting a thing which is transmitted by the core wire 
of the covered wire) joined with said exposed wire portion of the covered wire, which are used in various fields. Par- 
ticularly, in the field of electronics, a covered wire comprising a core wire covered by a given covering material has 
been widely using. And it is a common technique that a prescribed portion of the cover of the covered wire is removed 
to make the covered wire have an exposed wire portion, and said exposed wire portion of the covered wire is joined 
50 with another electrode. In this case, the thing which is transmitted from the core wire to said another electrode is 
electricity. For instance, in document 1 , there is described that the exposed wire portion of the covered wire is connected 
to other electronics component by way of wire-bonding. In document 2, there is described that a solder is supplied to 
the exposed wire portion of the covered wire to join the covered wire with the terminal. 

[0016] In the prior art, there are such shortcomings as will be described below, in terms of insufficiency in removal 
55 of the cover of a covered wire. 

[0017] In the technique described in document 1 , the covered wire is extended in the air and excimer laser beam is 
radiated to a prescribed portion of the covered wire as previously described. In this case, there is a tendency in that 
freedom occurs at the position of the covered wire, where when the laser beam is radiated, an action for the covered 
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wire to escape from the layer exerts. This situation makes it difficult to sufficiently remove a prescribed portion of the 
cover of the covered wire. In the technique described in document 2, YAG laser beam is radiated to a prescribed portion 
of the covered wire wound on the terminal as previously described. In this case, there is a tendency in that the covered 
wire absorbs energy of the laser beam to thermally expand, where the covered wire wound on the terminal is loosened 
5 to occur freedom at the position of the covered wire and when the laser beam is radiated, an action for the covered 
wire to escape from the layer exerts. This situation makes it difficult to sufficiently remove a prescribed portion of the 
cover of the covered wire. 

[0018] In addition, according to such technique in the prior art, it is difficult to readily join the cover-removed core 
wire portion (the exposed core wire portion) of the covered wire with the conductor (the electrode) so that the joining 

10 between the two members is sufficient in terms of the reliability. 

[0019] Now, in order to attain highly reliable joining between given two different members by a joining manner by 
means of brazing using a solder or the like, a joining manner using an adhesive such as an electrically conductive 
paste, a joining manner by means of welding, or a joining manner by means of ultrasonic bonding, it is required that 
the two members are brought to adequately come closer to each other. 

15 [0020] In the technique described in document 1 . it is difficult that the cover-removed portion of the covered wire is 
made to be in contact with other electronics component. When the laser beam is radiated to the covered wire simply 
from one direction, a face of the covered wire which is opposed to the face thereof to which the laser beam is radiated 
is shaded from the radiation of the laser beam, where the covering material of said face tends to remain without being 
removed, and thus, cover removal is substantially performed only for the face to which the laser beam is radiated. In 

20 this connection, in order to contact the cover-removed portion of the covered wire with the electronics component, it 
is necessary to adopt a covered wire-handling mechanism that the face of the exposed core wire which is provided as 
a result of a portion of the cover situated at said face being removed by the radiation of the laser beam can be precisely 
contacted with the electronics component. However, the covered wire is in a fine line form in many cases and is, 
therefore, liable to readily twist or bend. In addition, the cover-removed portion of the covered wire is of a tiny area. 

25 Because of this, such handling mechanism is difficult to be realized. In this respect, in document 1 , there is adopted a 
mechanism that without simply radiating the laser beam to the covered wire, cover removal is conducted for all around 
the covered wire. Particularly, there is adopted a mechanism that using a concave mirror, the laser beam is radiated 
also to the face of the covered wire which is opposed to the face thereof to which the laser beam is directly radiated. 
However, for this mechanism, there is a shortcoming in that when the concave mirror has staining or the like, the laser 

30 beam-radiating processing becomes unstable, where sufficient cover removal cannot be performed as desired. 

[0021] In the technique described in document 2, because the covered wire is wound on the electronics component 
with which the covered wire is joined, it is difficult to irradiate the laser beam to a face of the covered wire which is 
faced to the electronics component as desired and therefore, it is difficult to sufficiently remove a portion of the cover 
situated at said face. In this connection, the cover of the covered wire is partially present between the cover-removed 

35 portion (the exposed core wire potion) and the electronics component; where a residual portion of the cover is present 
such that it is sandwiched between the two member to be joined with each other, and because of this, the two members 
cannot be sufficiently connected with each other. In this connection, in the case of the joining method wherein an 
adhesive such as a solder or an electrically conductive paste is made to present between the exposed core wire portion 
of the covered wire and the electronics component, it is necessary to form a conduction path by the solder or the 

40 electrically conductive paste so as to detour the residue of the cover present between the exposed core wire and the 
electronics component. The joining thus established is liable to be poor in terms of the reliability. Besides, in the case 
where the joining method of directly joining the exposed core wire portion of the covered wire with the electronics 
component by way of welding or ultrasonic bonding is adopted, the joining between the two members cannot be per- 
formed as desired because the residue of the cover is present between the two members. 

45 

SUMMARY OF THE INVENTION 

[0022] In view of the foregoing situation in the prior art, the present invention makes it a first object to provide a 
photovoltaic element having an highly reliable electrode comprising a covered wire having a core wire which makes it 

so possible to desirably maintain a good energy conversion efficiency (photoelectric conversion efficiency) of a solar cell 
module formed using said photovoltaic element, and a process for producing said photovoltaic element. 
[0023] A typical embodiment of the photovoltaic element provided according to the present invention comprises a 
photovoltaic element, a core wire disposed on the surface of said photovoltaic element for outputting a power generated 
by said photovoltaic element, and an electrode electrically joined with said core wire while forming a joining portion, 

55 wherein said joining portion of said core wire and said electrode has at least a first joining portion and a second joining 
portion which is adjacent to said first joining portion, and said second joining portion has an elasticity which is greater 
than that of said first joining portion. 

[0024] The process according to the present invention includes the following two embodiments. 
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a covered wire whose core compns.ng a wire ^^^T joined with said wire of said covered w.re. 

power generated by said photovoftaic f^^^^^^Z covered wire to form a cover-free portion 
said process comprising the steps of (a) remo^g part photovoltaic eiement, and (c) joining said wire 

at a desired position (ii) of the remaining porl Bon. ^ and tne electrode , it is preferred to make such 

l0 0271 Of the two jointing portions formed JJ^J^JJ"^, „ grea ter than that of the joining portion formed 
thatthe joining portion forced at the pos.tio ^f^ 6 ^^ by a covering material comprising an electrically 
at the position (i). Further, it is preferred that the w r . i < *™^# ( ^£ electrically connected through said 
conductive resin material, the wire and the surface ot «2S«t^ materia, which is situated be- 

electrically conductive resin material, and a portion of said elec ncaHy co ^ ^ ^ prjor tQ 

tween the wire and the electrode ^^^°^^J^Z step (b) of fixing the covered wire on the 

r 02 TTn^~rii sss ^^^^ .r on comprises a metal and the ,ore9 ° in9 

cover removal of the covered wire while P^^BjJ^^^S adopted in a process of removing a cover 
[0031] (2) An adequate cover-removing method which ca be ^8'^ P CQnductor (an electrode ) with 

K a :rr==^ — * at ,east part of said fixed 

covered wire to remove a desired cover portion of * e ™ e ™™* r the steps o1 fixing at least part of a covered 
[0034] A second embodiment is a cover-remov.ng T*l^^„a enemy beam to at least part of said fixed 
Lire having a core wire onto a substrate though ^^^^^ wn(kt ^ (an electrode) with said 

cover-removed portion . „„ mnrUs p an adhesive material or a double-coated adhesive tape. It is 

to 0.9999 versus that of the cover of the covered w,r °- th covered wjre comprises a collecting 
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F.G 1 M is a schematic top view of an example of a photovoltaic element of the present invention. 
FIG. J s a schematic cross-sectional view, taken along the line A-A in G. a . 

f'^S) il ^eSSE ^ o f another example of a photovoltaic element of the present invention. 
F G IS) I a schema o cross-sectional view, taken along the line C-C in F G. 3a. 
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invention. 

FIG. 4(b) is a schematic cross-sectional view, taken along the line E-E' in FIG. 4(a). 
FIG. 4(c) is a schematic cross-sectional view, taken along the line F-P in FIG. 4(a). 

FIGs. 5(a) and 5(b) are schematic views respectively showing a mechanism of exhibiting the effects of the present 
invention, where FIG. 5(a) is a schematic view showing a state in that a stress is effected in a direction of pressing 
or pulling in parallel to a wire, and FIG. 5(b) is a schematic view showing a state in that a stress is effected in a 
direction perpendicular to a wire. 

FIG. 6(a) is a schematic cross-sectional view illustrating an example of a photovoltaic element produced by a 

photovoltaic element-producing process of the present invention. 

FIG. 6(b) is a schematic cross-sectional view, taken along the line G-G' in FIG. 6(a). 

FIGs. 7(a) and 7(b) are schematic views illustrating an example of a conventional photovoltaic element. 

FIGs. 8(a) and 8(b) are schematic views illustrating another example of a conventional photovoltaic element. 

FIG. 9 is a schematic view for explaining a method comprising a cover- removing a step of removing a cover portion 

of a covered wire and a step of joining said covered wire and a conductor (an electrode) in the present invention. 

FIG. 1 0 is a schematic view for explaining a comparative method comprising a cover-removing a step of removing 

a cover portion of a covered wire and a step of joining said covered wire and a conductor (an electrode) in a 

comparative example which will be described later. 

FIG. 11 is a schematic view for explaining another method comprising a cover-removing a step of removing a cover 
portion of a covered wire and a step of joining said covered wire and a conductor (an electrode) in the present 
invention. 

FIG. 12 is a schematic view for explaining another comparative method comprising a cover-removing a step of 
removing a cover portion of a covered wire and a step of joining said covered wire and a conductor (an electrode) 
in another comparative example which will be described later. 

FIG. 13 is a schematic view for explaining a further method comprising a cover-removing a step of removing a 
cover portion of a covered wire and a step of joining said covered wire and a conductor (an electrode) in the present 
invention. 

FIG. 14 is a schematic view for explaining an embodied example of the present invention. 

FIG. 15 is a schematic view for explaining another embodied example of the present invention. 

FIG. 1 6 is a schematic view for explaining a further embodied example of the present invention. 

FIG. 1 7(a) is a.schematic top view of a comparative photovoltaic element in a comparative example which will be 

described later. 

FIG. 17(b) is a schematic cross-sectional view, taken along the line M-M' in FIG. 17(a). 
FIG. 17(c) is a schematic cross-sectional view, taken along the line N-N' in FIG. 17(a). 

FIG. 18(a) is a schematic top view of another comparative photovoltaic element in another comparative example 
which will be described later. 

FIG. 18(b) is a schematic cross-sectional view, taken along the line O-O' in FIG. 18(a). 
FIG. 1 8(c) is a schematic cross-sectional view, taken along the line P-P' in FIG. 1 8(a). 

DETAILED DESCRIPTION OF THE INVENTION AND 

PREFERRED EMBODIMENTS 

[0038] The present invention is to solve the foregoing problems found in the prior art and to attain the above described 
objects. 

[0039] The present invention includes a first aspect and a second aspect which will be described below. 

[0040] The first aspect of the present invention is to provides an improved photovoltaic element and a process for 

producing said photovoltaic element. 

[0041] A typical embodiment of the photovoltaic element in the first aspect of the present invention comprises a 
photovoltaic element, a wire disposed on the surface of said photovoltaic element for outputting a power generated by 
said photovoltaic element, and an electrode electrically joined with said wire while forming a joining portion, wherein 
said joining portion of said wire and said electrode has at least a first joining portion and a second joining portion which 
is adjacent to said first joining portion, and said second joining portion has an elasticity which is greater than that of 
said first joining portion. 

[0042] The process in the first aspect of the present invention includes the following two embodiments. 
[0043] A first embodiment is a process for producing a photovoltaic element comprising a photovoltaic element, a 
wire disposed on the surface of said photovoltaic element for outputting a power generated by said photovoltaic ele- 
ment, and an electrode electrically joined with said wire, wherein at least two different joining portions having a different 
elasticity are formed between said wire and said electrode. 



EP 1 10233 1A2_I_> 



EP 1 102 331 A2 



10 



15 



20 



25 



30 



SUS=SSS=S=S=S =3SS== 

SS55S== ~ 

SSSSSSSssssa: sss— 
^^^^ 

loSonaretainings^^^^ 



35 



40 



45 



50 



55 



8 



4 



EP 1 102 331 A2 

Thus, the more the photovoltaic layer has flexibility or the more the area of the photovoltaic layer is, the more the effects 
of the present become significant. 

WIRE 402: 

5 

[0058] There is no particular limitation for the wire 402. The wire 402 is used for collecting and transmitting a power 
generated by the photovoltaic layer of the photovoltaic element 401 to the electrode 403. 
[0059] The wire 402 is preferred to comprise, for example, a metal fine line. 

[0060] The wire 402 may be constituted by a metallic material principally comprising a metal such as Cu, Al, Au, Pt, 

10 Ag, Pb, Sn, Fe, Ni, Co, Zn } Ti, Mo, W, or Bi. 

[0061] In order to prevent a power loss, it is preferred for the wire to be constituted by a metallic material whose 
electric resistance is low, which comprises a metal selected from a group consisting of Cu, Au, Ag, Pb, and Sn. 
[0062] The wire 402 may be designed to have a layered structure comprising a plurality of metallic material layers 
comprising any of the above-mentioned metallic materials which are stacked. 

75 [0063] The wire 402 may be of a cross section in a round form, an oval form, a triangle form, a square form, or other 
polygonal form. However, it is preferred for the cross-sectional area and the cross -sectional form of the wire 402 to be 
determined so that the sum of the joule loss in the wire 402 and the loss in the quantity of incident light obstructed from 
being impinged into the photovoltaic layer of the photovoltaic element 401 by the wire 402 is minimized. In general, 
the wire 402 is preferred to be made such that the cross-sectional area has a magnitude of (80 to 20000) x 1 0* 12 m 2 

20 and the aspect ratio of a value of the cross-sectional area in a direction toward the photovoltaic element face and a 
value thereof in a normal line direction is approximate to 1 . 

[0064] In the present invention, the metallic material constituting the wire 402 is particularly preferred to be high in 
terms of the resistance to stress. Such metallic material can include Cu, Au, Ag, Pb, and Sn which have high tenacity, 
of these metals, Cu is the most appropriate because it has high tenacity, is inexpensive, and is high in protection against 
25 corrosion. 

[0065] In order to increase the tenacity of the wire, it is effective to conduct a thermal annealing treatment. 

[0066] For the cross-sectional form of the wire 402, a round form is the most appropriate because it distinguishably 

excels in the resistance to stress. 

[0067] Further, the wire 402 is preferred to comprise a metal fine line comprising any of the foregoing metallic ma- 
30 terials which has a surface applied with a chemical treatment so as to exhibit an improved adhesion in a connection 
process of forming an electrical connection portion which will be later described and also with an anti-oxidation treat- 
ment, an anticorrosive treatment or a plating treatment so as to have an improved corrosion resistance. Specifically, 
in order to make the metal fine line as the wire 402 have such treated surface, a metal oxide layer is formed on the 
surface of the metal fine line by way of electroplating or hot dipping of a metal such as Ag, Au, Sn, Pb, or Ni or by way 
35 of electro-deposition or sputtering of a metal such as In, Sn, or Ti. Besides, it is possible to adopt a cladding treatment 
of thermally compressing a metal such as Ag on the surface of the metal fine line. 

[0068] In the present invention, to join the wire 402 with the surface of the photovoltaic element 401 is conducted 
through an electrically conductive resin material. As the electrically conductive resin material, there can be mentioned 
electrically conductive resin materials comprising metal fine particles dispersed in a resin. In the case where the pho- 
40 tovoltaic element 401 comprises a photovoltaic element having a large area thin film photovoltaic layer, an electrically 
conductive resin material comprising fine particles of a carbon or fine particles of a metal oxide such as indium-tin 
oxide, tin oxide or titanium oxide dispersed in a resin is desirably used. 

[0069] In the case where the wire 402 is joined with the photovoltaic layer of the photovoltaic element 401 . it is difficult 
for the photovoltaic layer to be uniformly formed over a large area. A main reason for this is due to the fact that in many 
45 cases, a photovoltaic element produced has a effective portion in that the positive electrode and the negative electrode 
are short-circuited. In this connection, it is effective to intervene an electrically conductive resin material having an 
adequately low resistivity so that it does not directly contacts with such short-circuited defective portion, in order to 
prevent the characteristics of the photovoltaic element from being deteriorated. 

[0070] Incidentally, it is a common technique that a transparent electrically conductive layer comprising ITO or the 
so |jke is provided on the light receiving face side of the photovoltaic layer of the photovoltaic element. In this case, the 
wire 402 is bonded to the transparent electrically conductive layer on the photovoltaic layer through the electrically 
conductive resin material, it is a matter of course that the present invention can be applied also in the case where the 
wire 402 is bonded to the transparent electrically conductive layer on the photovoltaic layer in this way. This situation 
will be later described in more detail. 
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ELECTRODE 403: 

[0071] There is no particular limitation for the electrode 403. 
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ELECTRICALLY CONDUCTIVE PASTE : 

[0083] As the electrically conductive paste which can be used as the constituent material of the joining portion, there 
can be mentioned paste-like products obtained by dispersing electrically conductive fine particles of a metal such as 
5 Ag, Au. or Cu dispersed in a binder resin; paste-like products obtained by dispersing electrically conductive fine particles 
of a metal oxide such as indium-tin oxide, tin oxide, or titanium oxide in a binder resin; and paste-like products obtained 
by dispersing electrically conductive fine particles of an electrically conductive non-metallic material such as carbon 
or the like in a binder resin. 

[0084] In the case of forming the foregoing joining structure using any of these paste-like products, it is possible to 
10 adopt a manner in that the paste-like product is applied on the face involved of at least the wire or the electrode to 
form a coat thereon, the coat-bearing face of the wire or the electrode is contacted with the corresponding face of the 
remainder, and a prescribed pressure or a prescribed heat is supplied onto the resultant. 

[0085] As previously described, it is preferred to make the joining portion of the wire and the electrode such that the 
electric resistance thereof is decreased as smaller as possible so as to diminish the joule loss due to the electric current 
15 flown in the joining portion. In this respect, when the structure of the joining portion is formed using the electrically 
conductive paste, the volume ratio of the electrically conductive fine particles in the electrically conductive paste is 
preferred to be in a range of 50% to 90%. 

[0086] As the electrically conductive fine particles contained in the electrically conductive paste, it is more preferred 
to use carbon fine particles rather than to use metal oxide fine particles because the electric conductivity of the former 

20 is higher than that of the latter. And it is more preferred to use metal fine particles rather than to use the carbon fine 
particles because the electric conductivity of the former is higher than that of the latter. And to use the metal fine 
particles is more advantageous. That is, in the case of using the metal fine particles, it is possible to decrease the 
volume ratio thereof in the electrically conductive paste to an extent which is smaller than that in the case of using 
other electrically conductive fine particles, and because of this, it is possible to make the electrically conductive paste 

25 have a desirable elasticity and a desirable viscoelasticity, where there is provided an effect to attain an improved 
resistance to stress. 

[0087] The foregoing binder resin used in the electrically conductive paste may be a thermosetting resin or a ther- 
moplastic resin. Such resin can include, for example, epoxy resin, urethane resin, butyral resin, melamine resin, alkyd 
resin, polyester resin, polyimide resin, fluororesin, silicone resin, and phenoxy resin. 

30 [0088] Now, in the joining through the electrically conductive fine particles, there is merely formed electrical joining 
by virtue of mechanical contact all between the wire and the electrically conductive fine particles, between one elec- 
trically conductive fine particle and the other electrically conductive fine particle, and between electrically conductive 
fine particles and the electrode, where the form thereof is retained by the binder resin. In this connection, for instance 
in the case of using given metal fine particles, when the binder resin comprises a resin having a high moisture trans- 

35 missivity, the surfaces of the metal fine particles are oxidized, and as a result, the resistance of the entire joining portion 
is increased. In order to prevent occurrence of such situation, it is preferred to use fine particles of Ag or Au which are 
difficult to be oxidized as the electrically conductive fine particles, and it is preferred to use a resin having a small 
moisture transmissivity such as epoxy resin or phenoxy resin as the binder resin. 

40 RESIN: 

[0089] In the case of using a resin to form the second joining portion, the resin may be a thermosetting resin or a 
thermoplastic resin. Such resin can include, for example, epoxy resin, urethane resin, butyral resin, melamine resin, 
alkyd resin, polyester resin, polyimide resin, fluororesin, silicone resin, and phenoxy resin. 

45 [0090] In the following, the present invention will be described using other examples. 

[0091] FIGs. 5(a) and 5(b) are schematic views respectively showing a mechanism of exhibiting the effects of the 
present invention, where FIG. 5(a) is a schematic view showing a state in that a stress is effected in a direction of 
pressing or pulling in parallel to a wire, and FIG. 5(b) is a schematic view showing a state in that a stress is effected 
in a direction perpendicular to a wire. In FIGs. 5(a) and 5(b), reference numeral 501 indicates a photovoltaic layer of 

50 a photovoltaic element, reference numeral 502 a wire, reference numeral 503 an electrode, reference numeral 504 a 
first joining portion, and reference numeral 505 a second joining portion. 

[0092] As shown in FIG. 5(a), a tress applied in a direction of pressing or pulling the wire 502 in parallel to the wire 
502 is not directly applied to the first joining portion 504 where the wire 502 and the electrode 503 are joined but is 
absorbed by the second joining portion 505 where the wire 502 and the electrode 503 are joined by an electrically 
55 conductive resin material. The reason for this is that the second joining portion 505 has an elasticity which is greater 
than that of the first joining portion 504. By this, the stress which is repeatedly applied to the first joining portion 504 
is relaxed to prevent the wire 502 from being fatigued. 

[0093] As shown in FIG. 5(b), in the case where a stress is applied in a direction perpendicular to the wire 502, 
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to obtain a photovoltaic element string and sealing said string by a covering material into a module form. 
[0105] The present invention is to attain an improvement in the resistance to stress of a photovoltaic element. There- 
fore, the effects of the present invention become significant when the present invention is adopted particularly in a 
solar cell module whose cover is simple and which is liable to distort due to a stress applied thereon. 

5 [0106] As such solar cell module which is ample in flexibility, there is known a solar cell module produced by se- 
quentially stacking a back side covering resin material, a photovoltaic element string comprising a plurality of photo- 
voltaic elements electrically serialized with each other, and a front side covering resin material on a metal substrate to 
obtain a stacked body and subjecting said stacked body to a thermocompression bonding treatment while evacuating 
the system involved. As each of the back side covering resin material and the front side covering resin material, EVA 

10 which excels in weatherability and is relatively inexpensive is generally used. 

[0107] In the following, description will be made of the process for producing a photovoltaic element in the present 
invention. 

[0108] The process of the present invention is for producing a photovoltaic element having a covered wire comprising 
a wire whose surface is covered by a cover which is disposed on a surface of said photovoltaic element for outputting 
15 a power generated by said photovoltaic element, and an electrode electrically joined with said covered wire through 
at least two different joining portions formed between said covered wire and said electrode, said process including the 
steps of removing part of said cover of said covered wire to form a cover-removed portion at said covered wire, for 
instance, by way of radiation of a laser beam, fixing said covered wire on the surface of said photovoltaic element, and 
joining said covered wire and said electrode to form a first joining portion where said cover-removed portion of said 
covered wire is joined with said electrode and a second joining portion where said cover of said covered wire is joined 
with said electrode. It is preferred for the second joining portion to have an elasticity which is greater than that of the 
first joining portion. 

[0109] FIG. 6(a) is a schematic cross-sectional view illustrating an example of a photovoltaic element produced by 
the photovoltaic element-producing process of the present invention. FIG. 6(b) is a schematic cross-sectional view, 
25 taken along the line G-G' in FIG. 6(a). 

[0110] In FIGs. 6(a) and 6(b), reference numeral 601 indicates a photovoltaic layer of a photovoltaic element, refer- 
ence numeral 602 a wire, reference numeral 603 an electrode, reference numeral 604 a cover-removed portion (a first 
joining portion), and reference numeral 605 a cover (a second joining portion). Reference numeral 611 indicates a 
cover comprising a resin material forthe wire 602, and reference numeral 613 a covered wire (as a collecting electrode) 
30 comprising the wire 602 as a core wire covered by the cover 611 . 

[0111] As will be understood with reference to FIGs. 6(a) and 6(b), a method of removing only a prescribed potion 
of the cover 611 of the covered wire 613 to form an exposed wire portion which is used for forming the first joining 
portion 604 is very simple. By simply fastening said exposed wire portion of the covered wire 613, which is used for 
the formation of the first joining portion 604, to a necessary extent and by making the cover 611 have a function of 
electrically connect the wire 602 with the photovoltaic layer 601 as the surface region of the photovoltaic element and 
also a function to electrically connect the wire 602 with the electrode, a desirable photovoltaic element can be readily 
produced. 

[0112] In this embodiment, part of the cover 611 functions as the second joining portion 605. 

[01 1 3] Now, in the case where a transparent electrically conductive layer is formed on the surface of the photovoltaic 
layer 601 , the covered wire 61 3 (as the collecting electrode) is electrically connected with the transparent electrically 
conductive layer. 

[0114] In the case where the cover 61 1 is made have a function of mechanically and electrically connecting the wire 
602 with the photovoltaic layer 601 (or the transparent electrically conductive layer), the cover 611 is preferred to be 
constituted by an electrically conductive resin material. As such electrically conductive resin material, a resin paste 
containing electrically conductive fine particles of carbon or a metal oxide dispersed therein. 

[0115] The resin paste may comprise a resin selected from a group consisting of epoxy resin, urethane resin, butyral 
resin, phenol resin, melamine resin, alkyd resin, polyester resin, polyimide resin, fluororesin, silicone resin, and phenoxy 



35 



resin. 



[0116] In order to make the second joining portion 605 have an elasticity, to use urethane resin or butyral resin is 
50 preferred. 

[0117] In order to improve the adhesion with the wire 602 and the electrode 603, it is preferred to add a coupling 
agent. Such coupling agent can include silane series coupling agents and titanate series coupling agents. 
[0118] The cover 611 may have a layered structure. In the case where the wire is directly contacted with the photo- 
voltaic layer, there is an occasion in that metal ions of the wire are dispersed into the photovoltaic layer to deteriorate 
55 the performance of the photovoltaic element. In order to prevent occurrence of this situation, it is known that the wire 
is coated with an electrically conductive resin layer which functions as a metal ion-blocking layer. In this case, a ther- 
mosetting resin is used as the resin, and it is heated to cure upon forming the coat over the wire. Further, a semi-cured 
electrically conductive resin coat as an adhesive layer on the exterior surface of the blocking layer. And when the wire 
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and reference 1 604 energy beam. 

[0130] In step 1 [see, FIG. 14(a)], the fixing member 1603 is fixed onto the substrate 1602. 

[0131] Instep2[see. FIG. 14(b)], at least part of the covered wire 1601 is fixed onto the substrate 1602 through the 
fixing member 1603. 

5 [0132] In step 3 [see, FIG. 14(c)], energy beam 1604 is radiated to at least part of the covered wire 1 601 which is 
fixed on the substrate 1602 through the fixing member 1603. 

[0133] By this, a cover portion of the cover 1601b of the covered wire 1601 to which the energy beam has been 
radiated is removed from the surface of the core wire 1 601 a of the covered wire 1 601 to form an exposed wire portion 
[see, FIG. 14(d) and FIG. 14(e)]. 
10 [0134] Upon the cover removal, by the energy beam, it is rare that the face of the covered wire which receives the 
energy beam is a plane precisely perpendicular to an incident direction of the energy beam. Therefore, a momentum 
in a direction perpendicular to the incident direction of the energy beam is occurred at the covered wire. That is, an 
action which makes the covered wire to escape from the energy beam works. Because of this, in the case of the 
conventional method in that a covered wire is retained in the air without being fixed to a substrate, and energy beam 
is is radiated to the covered wire, there is a tendency in that the cover removal becomes insufficient. 

[0135] In addition, when the covered wire receives the energy beam, the cover of the covered wire absorbs the 
energy of the energy beam and as a result, the temperature of the covered wire is heightened. In this connection, in 
the case of the conventional method in that a covered wire is wound on a substrate to retain, and energy beam is 
radiated to the covered wire, the covered wire is expanded and loosened, where the fixation of the covered wire be- 
comes insufficient. Therefore, as well as in aforesaid case, there is a tendency in that- the covered wire escapes from 
the from the energy beam, and the cover removal becomes insufficient. 
[0136] In the present invention, the covered wire 1601 is surely fixed to the substrate 1602 by means of the fixing 
member 1603 so that the covered wire 1601 is stably maintained without suffering such positional deviation as in the 
prior art upon the radiation of the energy beam. Therefore, the cover removal can be sufficiently performed as desired 
2S in the present invention. 

[0137] In the following, description will be made of each component in the present invention. 

COVERED WIRE 1601: 

30 [0138] The covered wire 1601 comprises the wire 1601a (as the core wire) whose surface is covered by the cover 
1601b as previously described. In FIG. 14 ? the cover 1601b comprises a single layer. This is not limitative. The cover 
1 601 b may be of a layered structure comprising a plurality of layers being stacked. 

[0139] In the present invention, there is no particular limitation for the constituent of the wire 1601a. The wire 1601a 
may comprise a glass material such as a glass fiber or it may comprise an inorganic oxide material, a semiconductor 
35 material or a metallic material, respectively having a high thermal conductivity. 

[0140] As the constituent of the wire which is electrically conductive in the field of electronics, there are known metals 
such as Cu. Al, Au, Ag, Sn, Pb, Zn, Ni, Cr, Mn, Mo, and W; alloys of these metals; inorganic oxides having a super- 
conductor transition point; and electrically conductive organic materials, respectively used in lead wires, electrodes, 
cables, fuses, or coils. 

^o [0141] The wire 1 601 a may comprise any of the above-mentioned materials. The wire 1 601 a constituted by a given 
material selected from the above-mentioned materials may have a plated layer or a clad layer, comprising a given 
material selected from those materials mentioned in the above which is different from the material constituting the wire. 
[0142] There is no particular limitation for the shape of the wire 1601a. The cross section of the wire 1601a may be 
in a round form, an oval form, a triangle form, or an other polygonal form. However, the wires which can readily prepared 

^5 and which are widely used are of a cross section in a complete round form. 

[0143] In the present invention, there is no particular limitation for the thickness of the wire. The effects of the present 
invention becomes significant particularly in the case of wires which are more difficult to fix their position due to their 
tensile forces in comparison with those in the prior art and also in the case of wires which are readily elongated due 
to heat. Particularly, the present invention is more effective for the wires having a thickness of 10 urn to 1 mm. 

50 [01 44] For other characteristics of the wire, there can be mentioned elastic modulus, coefficient of thermal expansion, 
absorptivity for energy of energy beam, and reflectance. The present invention does not depend on these characteristics 
of the wire. 

[0145] However, as the effects of the present invention becomes significant particularly in the case of wires which 
are more difficult to fix their position due to their tensile forces in comparison with those in the prior art and also in the 
55 case of wires which are readily elongated due to heat as above described, the present invention is more effective for 
the wires having a large coefficient of thermal expansion. In addition, in the case where the fixing member is small in 
terms of the elastic modulus and is hard, as the coefficient of thermal expansion of the wire comes to closer to that of 
the fixing member, the fixation of the covered wire is facilitated. 
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an adhesive. Similarly, the fixing force of the interface between the fixing member and the covered wire may be based 
on a frictional force which works when the covered wire is sandwiched by the two planes or on a chemical joining force 
of molecular level by means of an adhesive. In order to provide such chemical joining force, there can be used, for 
example, an adhesive tape. 

[0160] In the case where the fixation between the fixing member and the substrate and that between the fixing 
member and the covered wire are by means of the mechanical frictional force, it is necessary for the fixing member to 
have a high rigidity in order to generate a strong frictional force. In FIG. 15(a), there is shown an example of a fixing 
member by means of a mechanical frictional force. In FIG. 17(a), reference numeral 1701 indicates a covered wire 
comprising a wire 1 701 a (as a core wire) whose surface is covered by a cover 1 701 b. Reference numeral 1 702 indicates 
the foregoing substrate. Reference numeral 1 703 indicates a fixing member, reference 1 703a a spring which is provided 
at the fixing member, and reference numeral 1 703b a screw. 
[0161] As shown in FIG. 17(a) ; the fixing member 1703 comprising a clip which can be closed by means of the spring 
1 703a is fixed onto the substrate 1 702 by means of the screws 1 703b. 

[0162] In the case where a frictional force is generated at the interface between the fixing member and the substrate 
is by means of the screwing, when the rigidity of the fixing member is low, the generation of the frictional force is limited 
to a partial region of the interface in the vicinity of the screws, and because of this, the retaining ability of the fixing 
member is inferior. Also in the case where the frictional force is generated at the interface between the fixing member 
and the covered wire by sandwiching the covered wire by the two planes of the fixing member, when the rigidity of the 
fixing member is low, the retaining ability of the fixing member is inferior, as well as in the former case. 
20 [0163] In the case of such mechanical fixation as above described, the fixing member is preferred to be constituted 
by a forming material comprising a metallic material or an epoxy resin which is high in terms of the rigidity, because of 
aforesaid reasons. And the structure of the fixing member is desired to be designed so that it does not shade on the 
radiation side of the energy beam so as to obstruct the radiation path of the energy beam. 

[0164] The foregoing conventional method in which the covered wire is fixed by winding it around the terminal is 
corresponding to a method of fixing the covered wire by generating a frictional force at the interface between the fixing 
member (the terminal) and the covered wire. However, this conventional method differs from the method of the present 
invention in terms of the mechanism of generating the frictional force. That is, in the conventional method, the frictional 
force is generated by virtue of the tensile force remained in the covered wire, and therefore, when the covered wire is 
elongated due to the radiation of the energy beam, the tensile force is weakened to result in a decrease in the frictional 
30 force, and as a result, the fixation of the covered wire becomes insufficient. 

[0165] On the other hand, in the present invention, the frictional force is generated by the mechanism of the fixing 
member itself and therefore, it is not governed by the elongation of the covered wire. 

[0166] In the case of the fixing member by means of the foregoing mechanical force, the contact area thereof with 
the covered wire is narrowed in many cases, In that case, there will be an occasion in that the fixation of the covered 
35 wire becomes insufficient and as a result, the covered wire separates from the fixing member, where the cover removal 
occasionally becomes insufficient. In addition, there is a tendency in that the structure of the fixing member is compli- 
cated, for instance, as shown in FIG. 15(a). 

[0167] In view of the above-described situation, the fixation of the covered wire 1 701 is preferred to be conducted 
by means of the chemical joining force of molecular level of an adhesive 1 703 (including an adhesive mass) as shown 

40 in FIG. 15(b), because the fixation is strong enough and the fixing method is simple and readily conducted. 

[0168] As the adhesive 1 703, any adhesive can be adopted as long as it has bond properties to the surface of the 
substrate 1702 and also the surface of the covered wire 1701. As such adhesive, there can be mentioned synthetic 
resin series adhesives such as thermoplastic resin adhesive, thermosetting resin adhesive, elastomeric adhesive, and 
mixtures of these: and natural organic adhesives such as starch paste, glue, common rosin, asphalt, and tar. Besides, 

^5 inorganic materials having bond properties such cement, sodium silicate, ordinary solder, silver solder, and ceramics 
are also usable as the adhesive 1 703. 

[0169] Of these, synthetic resin series adhesives are more appropriate because their composition, additive, and 
application condition, and if necessary, their curing condition can be properly adjusted depending upon the constituent 
material and roughness of the surface of the substrate and that of the covered wire so as to exhibit a desired adhesion 
50 upon fixing the covered wire to the substrate. Further, of the synthetic resin series adhesives, those which also exhibit 
adherence are more preferred because they exhibit a moderate elasticity. 

[0170] Now, when the energy beam is radiated to the covered wire and the energy of the energy beam is absorbed 
by the covered wire, there is a tendency in that the covered wire is elongated and a shearing stress is occurred at the 
interface between the covered wire and the substrate. In order to maintain the bond-fixed state between the covered 
55 wire and the substrate while absorbing said stress, it is preferred for the fixing member to have a high elasticity. 

[0171] Incidentally, there are known various adhesive masses which exhibit a high elasticity. It is also known that 
elastomer series adhesive mass exhibit a rubber elasticity. 

[01 72] Such adhesive mass is preferred because it makes it possible to instantly fix the covered wire to the substrate. 
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[0185] In step 2 [see, FIG. 16(b)], at least part of the covered wire 1801 is fixed onto the substrate 1 802 through the 
fixing member 1803. 

[0186] In step 3 [see, FIG. 16(c)], energy beam 1804 is radiated to at least part of the covered wire 1801 which is 
fixed on the substrate 1 802 through the fixing member 1 803. By this, a cover portion of the cover 1 801 b of the covered 
5 wire 1801 to which the energy beam has been radiated is removed from the surface of the core wire 1801a of the 
covered wire 1801 to form an exposed wire portion [see, FIG. 16(d) and FIG. 16(e)]. 

[0187] In step 4, the conductor 1 805(the electrode) is joined with the cover-removed portion (the exposed wire por- 
tion) of the covered wire 1801 [see, FIG. 16(g) and FIG. 16(g)]. 

[0188] The steps 1 to 3 are the same as those in the foregoing cover-removing method of the covered wire. 

10 [0189] As above described, the cover portion of the cover of the covered wire which is situated on the incident side 
of the energy beam is removed to form the exposed wire portion by the steps 1 to 3. The covered wire is in a state that 
it is fixed to the substrate, and therefore, the cover-removed portion (the exposed wire portion) of the covered wire can 
be faced in a desired direction by handling the substrate, where it is possible for the conductor (the electrode) to be 
precisely press-contacted to and joined with the cover-removed portion (the exposed wire portion) of the covered wire 

15 in step 4. 

[0190] Incidentally, in the case where the covered wire is extended in the air and a prescribed portion of one side 
face of the cover of the covered wire is removed by radiating the energy beam to said prescribed portion, the cover- 
removed portion of the covered wire is liable to dislocate due to distortion of the covered wire. Because of this, when 
the conductor (the electrode) is intended to precisely join with the cover-removed portion, it is necessary to newly adopt 

20 a manner of detecting the position of the cover-removed portion and press -contacting the conductor (the electrode) to 
the cover-removed portion while precisely handling the back side of the cover-removed portion, or otherwise, it is 
necessary to remove the entire circumferential region (including the prescribed portion) of the cover of the covered 
wire. Doing this is extremely difficult particularly in the case where the covered wire is fine. Further, in the case where 
after the covered wire is wound around the conductor (the electrode), the energy beam is radiated to a prescribed 

25 cover portion of the cover of the covered wire which is intended to remove as in the foregoing conventional method, 
the conductor (the electrode) is situated behind said prescribed cover portion where the residual cover portion remained 
without being removed is present between the cover-removed portion (that is, the exposed wire portion) and the con- 
ductor (the electrode), it is difficult to join the conductor (the electrode) with the exposed wire portion of the covered 
wire in a desirable state. 

30 [01 91] In the method of the present invention, it is possible that the cover-removed portion (the exposed wire portion) 
of the covered wire is precisely faced to the conductor (the electrode) side, and therefore, such difficulty is not occurred. 

COVERED WIRE 1801: 

35 [0192] In the covered wire 1801 used in the joining method of the present invention is the same as that used in the 
foregoing cover- removing method of the covered wire. 

SUBSTRATE 1802; 

40 [0193] The substrate 1 802 is used for fixing and retaining the covered wire 1801 . As long as a composite structure 
provided by fixing the covered wire on the substrate through the fixing member has a superior rigidity which is surpassing 
that of the covered wire itself and functions to prevent the covered wire from being distorted, the present invention is 
effective. The substrate is not governed by its constituent material, size and structure. However, the joining method of 
the present invention is featured in that the covered wire is fixed onto the substrate having a large size and the handling 

45 performance of the substrate is improved, and therefore, the size of the substrate is preferred to be larger than that of 
the covered wire. Other related things of the substrate is the same as those described in the foregoing cover-removing 
method of the covered wire. 

FIXING MEMBER 1803: 

50 

[0194] The fixing member 1803 used in the joining method of the present invention is the same as that used in the 
foregoing cover-removing method of the covered wire. 

[0195] In the joining method, the fixing member is used for joining the conductor (the electrode) with the cover- 
removed portion of the covered wire. Particularly, the fixing member functions to fix the covered wire onto the substrate 
55 and it also functions to fix the conductor (the electrode) onto the substrate, where the fixing member makes it possible 
to fix the conductor (the electrode) and the covered wire while maintaining a state that the conductor (the electrode) 
is precisely press-contacted to the cover-removed portion (the exposed wire portion) of the covered wire. 
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[0207] As an example to form the collecting electrode said in this way, there is known a method in that a plurality of 
wires (1101a) are provided, the surface of each of the wires is coated by an electrically conductive adhesive material 
to obtain a plurality of covered wires (1101) each comprising the wire (1101a) whose surface is covered by a cover 
(1101b) comprising the electrically conductive adhesive material, the covered wires (1101) are spacedly arranged at 

5 a given interval on the light incident side face of the photovoltaic element so that they do not obstruct incident light, 
and the covered wires (1101) are bonded on the light incident side face of the photovoltaic element to form the collecting 
electrode. As the above electrically conductive adhesive material, there is used an adhesive material having a low 
electrical conductivity. The covered wires (1101) which are arranged and bonded on the light incident side face of the 
photovoltaic element as the collecting electrode is joined with a bus bar electrode 1105. 

io [0208] Now, an electric current which is collected by the collecting electrode is then collected by the bus bar electrode 
1 1 05 and guided outside the photovoltaic element by the bus bar electrode 1 1 05. In this connection, there is a tendency 
in that the collected electric current is converged at a joining portion between the collecting electrode and the bus bar 
electrode, and because of this, the joule loss at the joining portion is increased. In order to improve this situation, it is 
necessitated that a prescribed cover portion of the cover of each of the covered wires (1101) is removed to form a 

15 cover-removed portion (an exposed wire portion) at each of the covered wires, and soon after this, the bus bar electrode 
is surely joined with all the cover-removed portions, for instance, through a material having a high electric conductivity, 
in this case, it is required to surely join the bus bar electrode with all the cover-removed portions of the covered wires 
so that all the joining portions between the bus bar electrode and the covered wires have a sufficiently low electric 
resistance. 

20 [0209] The joining method of the present invention enables one to satisfactorily attain this purpose. 

[0210] The present invention will be described in more detail with reference to examples which will be described 
below. It should be understood that these examples are only for illustrative purposes but not intended to restrict the 
scope of the invention only to them. 

[0211] In the following, Examples 1 to 5 are of the foregoing first aspect of the present invention, and Examples 6 
25 to 20 are of the foregoing second aspect of the present invention. 

Example 1 

[0212] In this example, there was prepared a photovoltaic element (a solar cell) having such configuration as shown 
30 in FIGs. 1(a) to 1(c). 

[0213] FIG.1 (a) is a schematic top view of an example of a photovoltaic element of the present invention. FIG. 1 (b) 
is a schematic cross-sectional view, taken along the line A-A' in FIG, 1(a). FIG. 1(c) is a schematic cross-sectional 
view, taken along the line B-B' in FIG. 1 (a). 

[0214] In FIGs. 1(a) to 1(c), reference numeral 100 indicates a photovoltaic element which an aluminum layer 108 
35 as a back reflecting layer, a zinc oxide layer 1 09 as a lower electrode layer and a photovoltaic layer 1 01 (a photoelectric 
conversion semiconductor layer) stacked in this order on a substrate 107. The photovoltaic layer 1 01 has a triple cell 
structure comprising a bottom p-i-n junction layer 101a, a middle p-i-n junction layer 101b, and a top p-i-n junction 
layer 101c being stacked in this order from the side of the substrate 107. 

[0215] Reference numeral 106 indicates a transparent electrically conductive formed on the front surface of the 
40 photovoltaic layer 1 01 . The transparent electrically conductive 1 06 is not always necessary to be provided. 

[0216] Reference numeral 103 indicates an electrode, reference numeral 104 a first joining portion, and reference 
numeral 105 a second joining portion. Reference numeral 114 indicates a covered wire as a collecting electrode, 
comprising a wire 102 (a core wire) whose surface is covered by a two-layered cover 111 comprising an inner layer 
111a and an outer layer 111b. Reference numeral 110 indicates a double-coated adhesive tape, reference numeral 
45 112 a positive power output electrode, and reference numeral 113 a negative power output electrode. 
[0217] The photovoltaic element in this example was prepared as will be described below. 

1 . Preparation of covered wire 114: 

so [021 8] The covered wire 1 1 4 was prepared by coating the surface of a metal wire as the core wire 1 02 by an electrically 
conductive resin cover 111 , using a roll coater for the preparation of an enamel wire. The electrically conductive resin 
cover 111 was made to have a two-layered structure comprising an inner resin layer 111a for blocking metal ion from 
mobilizing and an outer resin layer 111b for bonding and fixing the wire 102 on the photovoltaic layer 101 and also on 
the electrode 103. 

55 [0219] Specifically, the covered wire 114 was prepared as will be described blow. 

[0220] There was provided a long silver-coated copper wire having a diameter of 4 to 5 mm. This silver-coated copper 
wire was introduced into a wire-drawing apparatus, where it was subjected to wire-drawing treatment to obtain an 
elongated silver-coated copper wire having a diameter of 1 00 ujti as the wire 1 02. This elongated silver-coated copper 



21 



BNSDOCID: <EP 1 1 02331 A2_l_> 



EP 1 102 331 A2 



10 



15 



20 



conductive resin material therein s P™v.dedJn ^ vesse wMe bemgjaken up Y ^ ^ 

cresol resin, 4.2 parts by weight of phenol res.n^ h (ag a 80|vent)i 12 parts by a Qf 

wire was paid out from the bobbin ian ^ prior to" entering in the ^^^^SS^ coat formed 
taken up by and wound on a take-up bobbm ^ jp ^ diy , ng fu ^ res.n speed 

> 5 on the silver-coated copper wire "J* clJ 9 reci . X n this case, by properly ad usting the P 

on th e silver-coated ^™££$X„*«U C ^ " cop" wire watmade'o be S um. 

of the silver-coated copper wre hav nQ ^ ^ ^ sl|ver . coate d «»PPJ*' was set to a 

the size of the dies, the coppe r wire with the inner resin «■»" matedal 

[0 225] The bobbin having ^«^ v J%- m which a fe.t containing an ^^J^"* bobbin and it was 

resi n material, then dned, J^**^ ^ a on the silver-coated copper wire. cond uctive resin material 

of aromatic solvent (as a solven ^^^^dLd in the paint shakerto m.x.ng and £P^'"9 second 
into a paint shaker and ^ n ^S^-co^e6 copper wire ^^S^lSS^L silver-coated- 
[0227] The bobbin havmg J^^S^S ha ving a drying furnace. ^^fZZ ^^ « h " B 
roll coater, and it was set to at earing , app continuously delivered to P^*" U J" unnecessary resin 

copperwire was paid out from the and it ^ ^ 

bemg taken up by and wound on a take > up D & ^ and , n (ne drymg furnace^ tn unng 

the thickness of the resin material coat as ^ ^ ^ ^ ^ 

25 um. M . . „ covered wire 1 1 4 comprising the silver-coated copp resjn |ayef 

[0228] Thus, there £*^£^£*r 111 comprising the inner resin layer 111a and t 
whose surface is covered by a two lay t sample the cross section and 

1 1 1 was found to be u nif omn with respect 



35 



40 



22 



BP 1 102 331 A2 



2. Preparation of photovoltaic element: 

[0230] (1) . There was provided an elongated substrate web made of stainless steel of 150 \im in thickness and 36 
cm in width, having a 2000 A thick A1 film as a back reflecting layer 1 08 and a 1 ujt> thick ZnO film as a lower electrode 

5 layer 1 09 formed in this order by a conventional sputtering process, which is wound on a reel. 

[0231] The reel was set to a conventional roll-to-roll type microwave plasma CVD apparatus having a plurality of 
film-forming chambers communicated with each other between a load chamber and an unload chamber, where a 
bottom cell 1 01 a comprising an n-type semiconductor layer, an i-type semiconductor layer, and a p-type semiconductor 
layer respectively comprising an amorphous silicon (a-Si) semiconductor material; a middle cell 101b comprising an 

10 n-type semiconductor layer, an i-type semiconductor layer, and a p-type semiconductor layer respectively comprising 
an a- Si semiconductor material; and a top cell 101c comprising an n-type semiconductor layer, an i-type semiconductor 
layer, and a p-type semiconductor layer respectively comprising an a-Si semiconductor material were continuously 
formed in this order to form a photovoltaic layer 1 01 on the surface of the lower electrode layer 1 09 of the substrate 
web which was transporting from the load chamber to pass through the plurality of film-forming chambers and enter 

is in the unload chamber where the substrate web was taken up on and wound on a take-up reel. 

[0232] The reel having the substrate web wound thereon was taken out from the plasma CVD apparatus, and it was 
set to a conventional roll-to-roll type sputtering apparatus, where a 700 A thick ITO film as a transparent electrically 
conductive layer 106 capable of functioning also as a light reflection preventive layer was continuously formed on the 
surface of the photovoltaic layer 101 of the substrate web at a film-forming temperature (a substrate temperature) of 
20 450 °C. 

[0233] The substrate web having the transparent electrically conductive layer 106 thus formed on the photovoltaic 
layer 101 was cut to obtain 100 photovoltaic elements having a size of 36 cm (width) x 24 cm (length). 
[0234] For each of the photovoltaic elements obtained, a peripheral region of 1 mm in width of the transparent elec- 
trically conductive layer 106 was removed by an electrolytic etching method of impressing an electric field between 
25 the photovoltaic element having a patterning mask superposed thereon and a counter electrode in an aqueous sulfuric 
acid solution. 

[0235] (2). There was established a wire arrangement by arranging the covered wire obtained in the above step 1 
as shown in FIG. 2. In FIG. 2 : reference numeral 111b indicates the outer resin layer of the cover 111 of the covered 
wire, reference numeral 203 a scanning area to which laser beam is to be radiated. 

30 [0236] For the cover 1 11 of each of the covered wires in the wire arrangement, only its one side cover portion of 2 
mm along the longitudinal direction was selectively removed to form a cover-removed portion (an exposed wire portion) 
at the covered wire by radiating YAG laser beam modulated by the Q-switch to the scanning area 203 from above 
using a galvanometer scanner (working distance: 145 mm) having a rotary mirror. The laser radiation conditions in this 
case were 1 0 W for the output power (measured by a thermopile type probe). 50 kHz for the pulse frequency, several 

35 n seconds for the pulse width, 2000 mm/second for the scanning speed, about 100 jim for the radius of spot size : and 
15 mm for the defocus. 

[0237] In this way, for each of the covered wires in the wire arrangement, there was formed a cover-removed portion 
(an exposed wire portion) at each of the opposite end sides . 

[0238] Examination was conducted of the cover-removed portions by a X-ray diffractometer of SEM. As a result, in 

40 any of them, the surface of the core wire was exposed in a state with no residual resin cover material. 

[0239] It is understood that this cover removing method can be conducted very selectively and at a higher speed in 
comparison with the conventional cover-removing method by way of chemical treatment or using a sand paper. 
[0240] (3). For each of the photovoltaic elements obtained in the above step (1 ), on each of the opposite side portions 
of the photovoltaic layer 101 where the transparent electrically conductive layer 106 is not present, a double-coated 

45 adhesive tape 1 1 0 having a width of 7 mm and a length of 24 cm (comprising a 50 fim thick PET film as abase member 
sandwiched between apair of silicone adhesive material) was bonded, and a copper foil of 1 00 jam in thickness, 5 mm 
in width and 24 cm in length as the electrode 103 was affixed onto the double-coated adhesive tape 110. 
[0241] Then, the wire arrangement obtained in the above step (2) was arranged on the surface of the photovoltaic 
element so that the two cover-removed portions of each covered wire 114 were contacted respectively with the corre- 

50 sponding electrode 1 1 0 as shown in FIG. 1 (c), and the resultant was subjected to thermocompression bonding treat- 
ment using a thermocompression apparatus, where the outer resin layer 111b in the semi-cured state of the covered 
wire 114 was completely cured, whereby the covered wire 114 was bonded to the electrode 103 such that the cover- 
removed portion of the covered wire 1 1 4 was contacted with the electrode 1 03 to form a fist joining portion 1 04 between 
the wire 102 of the covered wire 114 and the electrode 1 03. At this time, there is formed also a second joining portion 

55 1 05 between the wire 102 of the covered wire 114 and the electrode 1 03. 

[0242] The first joining portion 104 was formed by supplying a 6 : 4 solder into the cover-removed portion of the 
covered wire 114 in contact with the electrode 103 and heating the solder in the cover-removed portion by means of 
a soldering iron. By this, electrical continuity between the wire 102 of the covered wire 114 and the electrode 103 was 
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change between the initial photoelectric conversion efficiency in the evaluation in the above 1 and the photoelectric 
conversion efficiency after the endurance was found to be less than 2.0 % on the average. Based on this fact it is 
understood that the photovoltaic element in each of the photovoltaic element modules is substantially not deteriorated 
with respect to the characteristics even after the photovoltaic element module has been repeatedly exposed severe 
5 environment. 

4. Mechanical loading test: 

[0256] For each of the photovoltaic element modules which have been subjected to the endurance test in the above 
10 3, jn order to its resistance to stress, each of the photovoltaic element modules was subjected to the mechanical loading 
test of repeating a cycle of applying a load with a radius of curvature of 2 mm upwards and downwards for 5 seconds 
10000 times. 

[0257] After this, for the photovoltaic element in each of the photovoltaic element modules having been endured in 
this way, its photoelectric conversion efficiency was evaluated in the same manner as in the above 1 . As a result, a 
15 change between the initial photoelectric conversion efficiency in the evaluation of the above 1 and the photoelectric 
conversion efficiency after the endurance was found to be less than 3.0 % on the average. Based on this fact it is 
understood that the photovoltaic element in each of the photovoltaic element modules is still maintained in a desirable 
state with no substantial deterioration with respect to the characteristics. 

[0258] Based on the above results, it is understood that a photovoltaic element having the electrode structure of the 
20 present invention has good characteristics which are hardly deteriorated and excels in reliability. 

Comparative Example 1 

[0259] The procedures of Example 1 were repeated, except for the following points, to obtain 100 triple cell type 
25 photovoltaic elements. 

[0260] In the step 2-(2) of Example 1 , for the cover 111 of each of the covered wires in the wire arrangement, only 
its one side cover portion of 7 mm along the longitudinal direction was removed to form a cover-removed portion. By 
using this cover-removed portion, the wire 102 (the exposed wire portion) was joined with the electrode 103 only by 
means of the solder, and because of this, no second joining potion was established. Specifically, in this case, the wire 
30 1 02 and the electrode are joined by only one joining portion in which the solder is used. In addition, the cover removal 
to form the cover-removed portion was conducted by a manner of coating a cover- removing chemical by mean of a 
coating brush and swabbing the chemical by means of a paper towel. This method required much labor and became 
a cause of decreasing the yield. 

35 Evaluation 

[0261] For the resultant photovoltaic elements, some of them were randomly selected, they were evaluated in the 
same manner as in Example 1 . 

[0262] 1 . Each of the photovoltaic elements was evaluated with respect to its initial characteristics in the same manner 
40 as in the evaluation 1 of Example 1 . Specifically, the shunt resistance of each photovoltaic element was measured. As 
a result, the shunt resistance on the average was 200 kO-cm 2 . Thus, it was found that substantially no shunt is occurred. 
[0263] Then, for each photovoltaic element, there was measured l-V characteristics, and based on the l-V charac- 
teristics, there was obtained a photoelectric conversion efficiency. As a result, each of the photovoltaic elements was 
found to have an initial photoelectric conversion efficiency of 9.0 ± 0.2 %. The variation of the photoelectric conversion 
45 efficiency among the photovoltaic elements was slight. In addition, the yield was found to be 98%. 

[0264] 2. For each of the photovoltaic elements which have been subjected to the evaluation in the above 1 , in order 
to its resistance to stress, each photovoltaic element was subjected to the mechanical loading test in the same manner 
as in the evaluation 2 of Example 1 . 

[0265] For each of the photovoltaic elements having been endured in this way, its photoelectric conversion efficiency 
50 was evaluated in the same manner as in the evaluation 1 of Example 1 . As a result, a change between the initial 
photoelectric conversion efficiency and the photoelectric conversion efficiency after the endurance was found to be 
5.0 % on the average. Based on this fact, each of the photovoltaic elements was found to be markedly deteriorated in 
comparison with Example 1 . 

[0266] For each of the photovoltaic elements after the endurance, its upper electrode structure was examined. As a 
55 result, in 10% of the covered wires in the wire arrangement, distinguishable rupture was found at each of their root 
portions of the joining portions comprising the solder only. It is considered that this situation is a main cause for the 
above deterioration. 

[0267] 3. Using each of the photovoltaic elements having been subjected to the mechanical loading test in the above 
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[0280] 4. For each of the photovoltaic element modules which have been subjected to the endurance test in the 
above 3, in order to its resistance to stress, each of the photovoltaic element modules was subjected to the mechanical 
loading test in the same manner as in the evaluation 4 of Example 1 . 

[0281] After this, for the photovoltaic element in each of the photovoltaic element modules having been endured in 
this way. its photoelectric conversion efficiency was evaluated in the same manner as in the evaluation 1 of Example 
1 . As a result, a change between the initial photoelectric conversion efficiency in the evaluation of the above 1 and the 
photoelectric conversion efficiency after the endurance was found to be 20 % on the average. 

[0282] For the photovoltaic element in each of the photovoltaic element modules after the endurance, its upper 
electrode structure was examined. As a result, in 40% of the joining portions of the wires and the electrode by means 
of the electrically conductive resin material covers of the wires in each case : their electric resistance value was found 
to be increased by more than five times of their initial electric resistance value. 

[0283] When the results of Example 1 are compared with those of Comparative Example 2, it is understood that the 
present invention is significantly superior in terms of the effects. 

Example 2 

[0284] The procedures of Example 1 were repeated, except that no coupling agent was used in the electrically con- 
ductive material constituting the outer resin layer 111 b, to obtain 100 triple cell type photovoltaic elements. 
[0285] Now, because no coupling agent was used in the electrically conductive material constituting the outer resin 
layer 111b, the adhesion of the outer resin layer 111b was inferior to that of the outer resin layer 111b in Example 1 . 

Evaluation 

[0286] For the resultant photovoltaic elements, some of them were randomly selected, they were evaluated in the 
same manner as in Example 1 . 

[0287] 1 . Each of the photovoltaic elements was evaluated with respect to its initial characteristics in the same manner 
as in the evaluation 1 of Example 1 . Specifically, the shunt resistance of each photovoltaic element was measured. As 
a result, the shunt resistance on the average was 200 kQ cm2. Thus, it was found that substantially no shunt is 
occurred. 

[0288] Then, for each photovoltaic element, there was measured l-V characteristics, and based on the l-V charac- 
teristics, there was obtained a photoelectric conversion efficiency. As a result, each of the photovoltaic elements was 
found to have an initial photoelectric conversion efficiency of 9.0 ± 0.2 %. The variation of the photoelectric conversion 
efficiency among the photovoltaic elements was slight. In addition, the yield was found to be 98%. 
[0289] 2. For each of the photovoltaic elements which have been subjected to the evaluation in the above 1 , in order 
to its resistance to stress, each photovoltaic element was subjected to the mechanical loading test in the same manner 
as in the evaluation 2 of Example 1 . 

[0290] For each of the photovoltaic elements having been endured in this way, its photoelectric conversion efficiency 
was evaluated in the same manner as in the evaluation 1 of Example 1. As a result, a change between the initial 
photoelectric conversion efficiency and the photoelectric conversion efficiency after the endurance was found to be 
1 .0 % on the average. Based on this fact, each of the photovoltaic elements was found to be substantially not deteri- 
orated in terms of the photoelectric conversion efficiency. 

[0291 ] 3. Using each of the photovoltaic elements having been subjected to the mechanical loading test in the above 
2, there was obtained a photovoltaic element module in the same manner as in the evaluation 3 of Example 1 . Each 
of the resultant photovoltaic element modules was subjected to the reliability test in the same manner as in the eval- 
uation 3 of Example 1 . After this, for the photovoltaic element in each of the photovoltaic element modules having been 
endured in this way, its photoelectric conversion efficiency was evaluated in the same manner as in the evaluation 1 
of Example 1 . As a result, a change between the initial photoelectric conversion efficiency in the evaluation in the above 
1 and the photoelectric conversion efficiency after the endurance was found to be 5.0% on the average which is ap- 
parently inferior to that in Example 1 . 

[0292] 4. For each of the photovoltaic element modules which have been subjected to the endurance test in the 
above 3, in order to its resistance to stress, each of the photovoltaic element modules was subjected to the mechanical 
loading test in the same manner as in the evaluation 4 of Example 1 . 

[0293] After this, for the photovoltaic element in each of the photovoltaic element modules having been endured in 
this way, its photoelectric conversion efficiency was evaluated in the same manner as in the evaluation 1 of Example 
1 . As a result, a change between the initial photoelectric conversion efficiency in the evaluation of the above 1 and the 
photoelectric conversion. efficiency after the endurance was found to be 6.0 % on the average. 

[0294] For the photovoltaic element in each of the photovoltaic element modules after the endurance, its upper 
electrode structure was examined. As a result, the occurrence of rupture was found in 12% of the wires in the joining 
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Example 4 

[0308] The procedures of Example 1 were repeated., except that an aluminum wire was used as the wire (the core 
wire), to obtain 1 00 triple cell type photovoltaic elements. 

5 

Evaluation 

[0309] For the resultant photovottaic elements, some of them were randomly selected, they were evaluated in the 
same manner as in Example 1 . 
10 [031 0] 1 . Each of the photovoltaic elements was evaluated with respect to its initial characteristics in the same manner 
as in the evaluation 1 of Example 1 . Specifically, the shunt resistance of each photovoltaic element was measured. As 
a result, the shunt resistance on the average was 340 kn cm 2 . Thus, it was found that substantially no shunt is occurred 
in each case. 

[0311] Then, for each photovoltaic element, there was measured l-V characteristics, and based on the l-V charac- 

15 teristics, there was obtained a photoelectric conversion efficiency. As a result, each of the photovoltaic elements was 
found to have an initial photoelectric conversion efficiency of 8.7 ± 0.2 %. The variation of the photoelectric conversion 
efficiency among the photovoltaic elements was slight. In addition, the yield was found to be 98%. 
[0312] 2. For each of the photovoltaic elements which have been subjected to the evaluation in the above 1 , in order 
to its resistance to stress, each photovoltaic element was subjected to the mechanical loading test in the same manner 

20 as in the evaluation 2 of Example 1 . 

[0313] For each of the photovoltaic elements having been endured in this way, its photoelectric conversion efficiency 
was evaluated in the same manner as in the evaluation 1 of Example 1 . As a result, a change between the initial 
photoelectric conversion efficiency and the photoelectric conversion efficiency after the endurance was found to be 
3.0 % on the average which is apparently inferior to that in Example 1 . For each photovoltaic element after the endur- 

25 ance, its upper electrode structure was examined. As a result, the occurrence of rupture was found in 6% of the wires 
in the joining portions. It is considered that this situation is a main cause for the above deterioration. 
[0314] 3. Using each of the photovoltaic elements having been subjected to the mechanical loading test in the above 
2, there was obtained a photovoltaic element module in the same manner as in the evaluation 3 of Example 1 . Each 
of the resultant photovoltaic element modules was subjected to the reliability test in the same manner as in the eval- 

30 uation 3 of Example 1 . After this, for the photovoltaic element in each of the photovoltaic element modules having been 
endured in this way, its photoelectric conversion efficiency was evaluated in the same manner as in the evaluation 1 
of Example 1 . As a result, a change between the initial photoelectric conversion efficiency in the evaluation in the above 
1 and the photoelectric conversion efficiency after the endurance was found to be 7.0% on the average which is ap- 
parently inferior to that in Example 1 . 

35 [0315] 4. For each of the photovoltaic element modules which have been subjected to the endurance test in the 
above 3, in order to its resistance to stress, each of the photovoltaic element modules was subjected to the mechanical 
loading test in the same manner as in the evaluation 4 of Example 1 . 

[0316] After this, for the photovoltaic element in each of the photovoltaic element modules having been endured in 
this way, its photoelectric conversion efficiency was evaluated in the same manner as in the evaluation 1 of Example 
40 1 . As a result, a change between the initial photoelectric conversion efficiency in the evaluation of the above 1 and the 
photoelectric conversion efficiency after the endurance was found to be 8.0 % on the average. 

[0317] For the photovoltaic element in each of the photovoltaic element modules after the endurance, its upper 
electrode structure was examined. As a result, the occurrence of rupture was found in 20% of the wires in the joining 
portions. It is considered that this situation is a main cause for the above deterioration. 
45 [0318] When the results of Example 1 are compared with those of Example 4, it is understood that the effects in the 
case of using the wire comprising Cu are superior to those in the case of using the aluminum wire. For the reason for 
this, it is considered such that the ductility of Cu is greater than that of Al. 

Example 5 

50 

[0319] In this example, there was prepared a photovoltaic element having such configuration as shown in FIGs. 3 

(a) to 3(c). FIG. 3(a) is a schematic top view of an example of a photovoltaic element of the present invention. FIG. 3 

(b) is a schematic cross-sectional view, taken along the line C-C in FIG. 3(a). FIG. 3(c) is a schematic cross-sectional 
view, taken along the line D-D' in FIG. 3(a). 

55 [0320] In FIGs. 3(a) to 3(c), reference numeral 301 indicates a photovoltaic layer, reference numeral 302 a wire (a 
core wire), reference numeral 303 an electrode, reference numeral 304 a first joining portion, reference numeral 305 
a second joining portion, and reference numeral 310 a double-coated adhesive tape. Reference numeral 313 indicates 
a covered wire as a collecting electrode, comprising the wire 302 (the core wire) whose surface is covered by a two- 
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[0335] 1 Each of the photovoltaic elements was evaluated with respect to its initial characteristics in the same manner 
as in the evaluation 1 of Example 1 . Specifically, the shunt resistance of each photovoltaic element was measured. As 
a result, the shunt resistance on the average was 300 kQ-cm 2 . Thus ; it was found that substantially no shunt is occurred 
in each case. 

5 [0336] Then, for each photovoltaic element, there was measured l-V characteristics, and based on the l-V charac- 
teristics, there was obtained a photoelectric conversion efficiency. As a result, each of the photovoltaic elements was 
found to have an initial photoelectric conversion efficiency of 1 0.5 ± 0.2 %. The variation of the photoelectric conversion 
efficiency among the photovoltaic elements was slight. In addition, the yield was found to be 89%. 
[0337] 2. For each of the photovoltaic elements which have been subjected to the evaluation in the above 1 , in order 

10 to its resistance to stress, each photovoltaic element was subjected to the mechanical loading test in the same manner 
as in the evaluation 2 of Example 1 , except for making the radius of curvature for the load to be 5 times that in Example 1 . 
[0338] For each of the photovoltaic elements having been endured in this way, its photoelectric conversion efficiency 
was evaluated in the same manner as in the evaluation 1 of Example 1 . As a result, a change between the initial 
photoelectric conversion efficiency and the photoelectric conversion efficiency after the endurance was found to be 

*5 5.0 % on the average, which is apparently inferior to that in Example 5. 

[0339] For each of the photovoltaic elements after the endurance, its upper electrode structure was examined. As a 
result, the occurrence of rupture was found in 10% of the wires in the wire arrangement. It is considered that this 
situation is a main cause for the above deterioration. 

[0340] 3. Using each of the photovoltaic elements having been subjected to the mechanical loading test in the above 
20 2, there was obtained a photovoltaic element module in the same manner as in the evaluation 3 of Example 1 . Each 
of the resultant photovoltaic element modules was subjected to the reliability test in the same manner as in the eval- 
uation 3 of Example 1 . After this, for the photovoltaic element in each of the photovoltaic element modules having been 
endured in this way, its photoelectric conversion efficiency was evaluated in the same manner as in the evaluation 1 
of Example 1 . As a result, a change between the initial photoelectric conversion efficiency in the evaluation in the above 
1 and the photoelectric conversion efficiency after the endurance was found to be 7.0 % on the average. 
[0341] 4. For each of the photovoltaic element modules which have been subjected to the endurance test in the 
above 3. in order to its resistance to stress, each of the photovoltaic element modules was subjected to the mechanical 
loading test in the same manner as in the evaluation 4 of Example 1 , except for making the radius of curvature for the 
load to be 5 times that in Example 1 . 
30 [0342] After this, for the photovoltaic element in each of the photovoltaic element modules having been endured in 
this way. its photoelectric conversion efficiency was evaluated in the same manner as in the evaluation 1 of Example 
1 . As a result, a change between the initial photoelectric conversion efficiency in the evaluation of the above 1 and the 
photoelectric conversion efficiency after the endurance was found to be 9.0 % on the average. 

[0343] For the photovoltaic element in each of the photovoltaic element modules after the endurance, its upper 
electrode structure was examined. As a result, the occurrence of rupture was found in 30% of the wires in the wire 
arrangement. 

[0344] When the results of Example 1 and Example 5 are compared with those of Comparative Example s, the 
following facts are understood. That is, the present invention provides significant effects regardless the constitution of 
the photovoltaic element involved and also regardless the presence or absence of the substrate or the transparent 
40 electrically conductive electrode layer. 

[0345] Separately, as in Example 6 which will be later described, it is a matter of course that the positional relation 
ship of the covered wire and the electrode (the bus bar electrode) may be reversed. 

[0346] In the following, the method concerning the second aspect of the present invention will be described in more 
detail with reference to the following examples 6 to 20. It should be understood that these examples are only for 
45 illustrative purposes but not intended to restrict the scope of the invention only to them. 

Example 6 
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[0347] In this example, description will be made of a specific example of the process shown in FIGs. 9(a) to 9(h) 
comprising a step of removing a given cover portion of a covered wire and a step of joining said covered wire having 
a cover-removed portion (an exposed wire portion). FIG. 9(f) is a schematic cross-sectional view taken along the line 
J-J' in FIG. 9(e), and FIG. 9(h) is a schematic cross-sectional view taken along the line K-K l in FIG. 9(g). 

Step 1 [FIG. 9(a)]: 

[0348] In this example, as the substrate 1102, there was used a photovoltaic element which was prepared as will be 
described below. 
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Step 2 [FIG. 9(b)]: member 1103 was fixed. Spe- 
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Step 3 [FIG. 9(c)]: means of the fixing 
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layer (not shown) comprising a completely cured electrically conductive resin material and an outer resin material layer 
(not shown) comprising a semi-cured electrically conductive resin material for bonding and fixing the covered wire onto 
the surface of the photovoltaic element. 

[0359] Now, the formation of the cover 1101b having such two-layered structure on the silver-coated copper wire 

5 was conducted as will be described below. 

[0360] The bobbin having the silver-coated copper wire wound thereon was set to a roll-to-roll type washing apparatus 
provided with a washing vessel. In the washing apparatus, the silver-coated copper wire was paid out from the bobbin 
and it was continuously delivered to pass through the washing vessel while being taken up by and wound on a take- 
up bobbin, where in the washing vessel, the silver-coated copper wire was washed with acetone to remove foreign 

10 matter including oil material, then dried. 

[0361] The bobbin having the cleaned silver-coated copper wire wound thereon was taken out from the washing 
apparatus and it was set to a first roll coater provided with a treating vessel in which a felt containing an electrically 
conductive resin material therein is provided. In the first roll coater, the silver-coated copper wire was paid out from 
the bobbin and it was continuously delivered to pass through the treating vessel while being taken up by and wound 

is on a take-up bobbin, where in the treating vessel, the surface of the silver-coated copper wire is coated with the 
electrically conductive resin material, then dried, whereby a resin material coat as the inner resin material layer was 
formed on the surface of the silver-coated copper wire. 

[0362] As the above electrically conductive resin material, there was used an electrically conductive resin material 
obtained by together introducing 33 parts by weight of carbon black, 6.4 parts by weight of butyral resin, 4.2 parts of 

20 cresol resin, 4.2 parts by weight of phenol resin, 4.2 parts by weight of aromatic hydrocarbon resin, 18 parts by weight 
of diol isocyanate (as a curing agent), 18 parts by weight of xylene (as a solvent), 12 parts by weight of diethylene 
glycol monomethyl ether (as a solvent), 3.6 parts by weight of cyclohexanone (as a solvent), and 0.7 part by weight of 
y-mercaptopropyltrimethoxysilane (as a coupling agent) into a paint shaker and subjecting the materials introduced in 
the paint shaker to mixing and dispersing treatment. 

25 [0363] The bobbin having the thus treated silver-coated copper wire wound thereon was taken out from the first roll 
coater, and it was set to a treating apparatus having a drying furnace. In the treating apparatus, the silver-coated copper 
wire was paid out from the bobbin and it was continuously delivered to pass through the drying furnace while being 
taken up by and wound on a take-up bobbin, where prior to entering in the drying furnace, unnecessary resin material 
on the silver-coated copper wire was removed using a dies, and in the drying furnace, the resin material coat formed 

30 on the silver-coated copper wire was completely cured. In this case, by properly adjusting the transportation speed of 
the silver-coated copper wire having the resin material coat as the inner resin layer and also properly adjusting the 
size of the dies, the thickness of the resin material coat of the silver-coated copper wire was made to be 5 u,m. 
[0364] The bobbin having the silver-coated copper wire with the inner resin material layer wound thereon was set to 
a second roll coater provided with a treating vessel in which a felt containing an electrically conductive resin material 

35 therein is provided. In the second roll coater, the silver-coated copper wire was paid out from the bobbin and it was 
continuously delivered to pass through the treating vessel while being taken up by and wound on a take-up bobbin, 
where in the treating vessel, the surface of the silver-coated copper wire is coated with the electrically conductive resin 
material, then dried, whereby a resin material coat as the outer resin material layer was formed on the surface of the 
previously formed inner resin material layer on the silver-coated copper wire. 

40 [0365] As the above electrically conductive resin material, there was used an electrically conductive resin materia! 
obtained by together introducing 35 parts by weight of carbon black, 41 parts by weight of urethane resin, 14 parts of 
phenoxy resin, 6 parts by weight of hydrogen-added diphenylmethane isocyanate (as a curing agent), 4 parts by weight 
of aromatic solvent (as a solvent), and 0.7 part by weight of y-mercaptopropyltrimethoxysilane (as a coupling agent) 
into a paint shaker and subjecting the materials introduced in the paint shaker to mixing and dispersing treatment. 

45 [0366] The bobbin having the thus treated silver-coated copper wire wound thereon was taken out from the second 
roll coater, and it was set to a treating apparatus having a drying furnace. In the treating apparatus, the silver-coated 
copper wire was paid out from the bobbin and it was continuously delivered to pass through the drying furnace while 
being taken up by and wound on a take-up bobbin, where prior to entering in the drying furnace, unnecessary resin 
material on the silver-coated copper wire was removed using a dies, and in the drying furnace, the resin material coat 

50 formed on the surface of the inner resin layer of the silver-coated copper wire was subjected to semi-curing treatment. 
In this case, by properly adjusting the transportation speed of the silver-coated copper wire having the resin materia! 
coat as the outer resin material layer on the inner resin material layer and also properly adjusting the size of the dies, 
the thickness of the resin material coat as the outer resin material layer of the silver-coated copper wire was made to 
be 25 ujti. 

55 [0367] Thus, there was obtained a covered wire 1101 comprising the silver-coated copper wire 1101a (the core wire) 
whose surface is covered by a two-layered cover 1101b comprising the inner resin material layer and the outer resin 
material layer. 
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In this example, because the silver-plated copper foil (the bus bar electrode) itself was fixed to the substrate (the 
photovoltaic element) through the double-coated adhesive tape (the fixing member), not only the fist joining portion 
but also the second joining portion could be easily formed. 

s [0381] In view of the above, there was obtained a photovoltaic element having a specific electrode structure in which 
the joule loss at the joining portion between the collecting electrode (comprising the covered wires) and the bus bar 
electrode (the conductor) is desirably diminished and which stably exhibits good characteristics in the present invention. 
[0382] In this example, by repeating the above procedures, there were obtained a plurality of photovoltaic elements 
having such specific electrode structure. 

w [0383] Each of the resultant photovoltaic elements was evaluated with respect to its photoelectric conversion effi- 
ciency in the following manner. That is, a conventional power output terminal was connected to each of the positive 
electrode and the negative electrode of the photovoltaic element, and the photovoltaic element was set to a pseudo 
sunlight simulator (produced by SPIRE Company) in which a pseudo sunlight having a global sunlight spectrum of AM 
1 .5 with an intensity of 100 mW/cm 2 is used, where there was measured its l-V characteristics, and based on the l-V 

15 characteristics, there was obtained a photoelectric conversion efficiency. As a result, each of the photovoltaic elements 
was found to have a photoelectric conversion efficiency of 1 0% on the average. 

[0384] Separately, in this example, as above described, the foregoing double-coated adhesive tape was used as the 
fixing member. Because of this, in comparison with the conventional method in that the covered wire is fixed by winding 
it around the conductor, the bonding power of the interface between the fixing member and the covered wire became 

20 greater and in addition, the area of the interface was increased, where stable fixing could be readily attained. Further, 
because the double-coated adhesive tape was used as the fixing member, moderate and stable bonding power could 
be instantly attained for the interface between the covered wire and the fixing member. Further in addition, because 
the double-coated adhesive tape had a moderate elasticity, the bonded interface between the double-coated adhesive 
tape and the covered wire desirably absorbed a stress so that no peeling was occurred at the interface, although the 

25 covered wire was elongated due to the radiation of the energy beam. And the positional dislocation of the covered wire 
when the energy beam was radiated thereto was of a slight extent such that the cover-removing rate is not decreased. 
[0385] As a result of having examined the energy absorptivity of the double-coated adhesive tape (used as the fixing 
member) for YAG laser beam, it was found to be 5%. The energy absorptivity was obtained by a manner in that the 
same laser beam as that used for the cover removal of the covered wire is radiated to the double-coated adhesive 

30 tape at the same output power and the same pulse width as those in the cover removal of the covered wire, and a 
decreased quantity of the radiated energy of the laser beam with respect to the energy of the laser beam outputted 
from the double-coated adhesive tape when the former energy is radiated to the double-coated adhesive tape is made 
to be the energy absorptivity. Similarly, when the energy absorptivity of the cover of the covered wire was measured, 
it was found to be 90%. Th us, the ratio of the energy absorptivity of the fixing member to that of the cover of the covered 

35 wire is 0.0556. 

[0386] Because of this, only a prescribed cover portion of the cover of the covered wire can be selectively removed 
by the radiation of the laser beam without the fixing member being damaged by the laser beam. In this connection, it 
was possible to increase the intensity of the energy beam and the residual ratio of the cover material remained without 
being removed upon the cover removal could be made to be less than 0.1% which is very small. 
40 [0387] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
in Table 2. 

Comparative Example 4 

45 [0388] This comparative example is different from Example 6 with the point in that the order of the step of fixing the 
covered wire on the substrate (the photovoltaic element) through the fixing member (the adhesive tape) and the step 
of radiating the energy beam to the covered wire in Example 1 were reversed in this comparative example. 
[0389] In FIGs. 10(a) to 10(g), the steps in this comparative example are shown. In FIGs 1 0(a) to 10(g), reference 
numeral 1201 indicates a covered wire comprising a wire 1201a (a core wire) whose surface is covered by a cover 

50 1 201b. This covered wire is the same as that used in Example 1 . Reference numeral 1202a indicates a lower electrode 
layer, reference numeral 1202b a photovoltaic layer, reference numeral 1202c a transparent electrically conductive 
layer, reference numeral 1202d a division groove, 1202e an effective power generation area, reference numeral 1202f 
a non-effective power generation area, reference numeral 1203 a double-coated adhesive tape comprising a base 
member 1 203a sandwiched between a pair of adhesive materials, and 1 205 a conductor. These are also the same as 

55 those in Example 1 . 

[0390] In the following, description will be made of the three steps which are different from Example 6. 
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[0404] The laser radiation conditions in this case were 25 W for the average output power (measured by a thermopile 
type probe), 700 mm/second for the scanning speed, and about 100 ujti for the radius of spot size. 
[0405] In this example, there were prepared a plurality of photovoltaic elements having such specific electrode struc- 
ture as described in Example 6. 

5 [0406] In this example, the absorptivity of the cover of the covered wire when the cover absorbed the energy of the 
C0 2 laser beam under the laser radiation conditions was 95%, Similarly, the absorptivity of the fixing member (the 
double-coated adhesive tape) was 10%. The ratio of the absorptivity of the cover of the covered wire to that of the 
fixing member was 0.1053, which is in a range of 0.0001 to 0.9999, as well as in the case of Example 6. 
[0407] In this example, the residual ratio of the cover material remained without being removed upon the cover 

10 removal could be made to be less than 0.1% which is very small, as well as in the case of Example 6. Thus, it is 
understood that the present invention is markedly advantageous, it is also understood that the effects of the cover- 
removing method of a covered wire do not depend on the kind of the energy beam used. 

[0408] Further, also in this example, for all the 42 covered wires, there was obtained the cover-removed open angle 
a of 120° ± 30° , as well as in the case of Example 6. Because of this, the electrical connection of the wire of the 
15 covered wire with the bus bar electrode could be formed to have a sufficiently low electric resistance. Thus, the pho- 
tovoltaic elements prepared in this example exhibited a photoelectric conversion efficiency of 1 0.0% on the average, 
which is satisfactory. Further in addition, it is understood that the joining method of the covered wire with the conductor 
in the present invention does not depend on the kind of the energy beam used. 

[0409] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
20 in Table 2. 

Example 8 

[0410] This example is different from Example 6 only with the point in that semiconductor laser beam was used as 
25 the energy beam. 

[0411] The laser beam used in this example comprises pulse laser beam whose central wavelength is 808 nm. The 
direction for the laser beam to be radiated was adjusted by means of a optical fiber, and the laser beam was focused 
to a prescribed cover-removing portion of the cover of the covered wire by means of a condenser lens to remove the 
cover-removing portion. 

30 [0412] The laser radiation conditions in this case were 60 W for the average output power (measured by a thermopile 
type probe), 500 mm/second for the scanning speed, and about 500 u.m for the radius of spot size. 
[0413] In this example, there were prepared a plurality of photovoltaic elements having such specific electrode struc- 
ture as described in Example 6. 

[0414] In this example, the absorptivity of the cover of the covered wire when the cover absorbed the energy of the 
35 semiconductor laser beam under the above laser radiation conditions was 80%. Similarly, the absorptivity of the fixing 
member (the double-coated adhesive tape) was 3%. The ratio of the absorptivity of the cover of the covered wire to 
that of the fixing member was 0.0375, which is in a range of 0.0001 to 0.9999, as well as in the case of Example 6. 
[0415] In this example, the residual ratio of the cover material remained without being removed upon the cover 
removal could be made to be less than 0.1% which is very small, as well as in the case of Example 6. Thus, it is 
40 understood that the present invention is markedly advantageous. It is also understood that the effects of the cover- 
removing method of a covered wire do not depend on the kind of the energy beam used. 

[0416] Further, also in this example, for all the 42 covered wires, there was obtained the cover-removed open angle 
a of 1200° ± 30° . as well as in the case of Example 6. Because of this, the electrical connection of the wire of the 
covered wire with the bus bar electrode could be formed to have a sufficiently low electric resistance. Thus, the pho- 
45 tovoltaic elements prepared in this example exhibited a photoelectric conversion efficiency of 1 0.0% on the average, 
which is satisfactory. Further in addition, it is understood that the joining method of the covered wire with the conductor 
in the present invention does not depend on the kind of the energy beam used. 

[0417] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
in Table 2. 

50 

Example 9 

[0418] This example is different from Example 6 only with the point in that metal halide lamp beam was used as the 
energy beam. 

55 [0419] The direction for the lamp beam to be radiated was adjusted by means of a optical fiber, and the lamp beam 
was focused to a prescribed cover-removing portion of the cover of the covered wire by means of a condenser lens to 
remove the cover-removing portion. 

[0420] The laser radiation conditions in this case were 1 .5 kW for the average output power (measured by a ther- 
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[0436] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
in Table 2. 

Example 12 

[0437] This example is different from Example 6 only with the point in that the cover of the covered wire was consti- 
tuted by an Ag paste material. 

[0438] in this example, there were prepared a plurality of photovoltaic elements having such specific electrode struc- 
ture as described in Example 6. 

[0439] In this example, the absorptivity of the cover of the covered wire when the cover absorbed the energy of the 
YAG laser beam under the laser radiation conditions (described in Example 6) was 50%, which is lower that in Example 
6 However, the ratio of the absorptivity of the cover of the covered wire to that of the fixing member was 0 1 000 which 
is in a range of 0.0001 to 0.9999, as well as in the case of Example 6. 

[0440] In this example, the residual ratio of the cover material remained without being removed upon the cover 
removal could be made to be less than 0.1% which is very small, as well as in the case of Example 6. Thus it is 
understood that the effects of the cover-removing method of the covered wire do not depend on the kind of the material 
constituting the cover of the covered wire. 

[0441] Further, in this example, for all the 42 covered wires, there was obtained the cover-removed open angle a of 
120° ± 30° , as well as in the case of Example 6. Because of this, the electrical connection of the wire of the covered 
wire with the bus bar electrode could be formed to have a sufficiently low electric resistance. Thus, the photovoltaic 
elements prepared in this example exhibited a photoelectric conversion efficiency of 10.0% on the average, which is 
satisfactory. Further in addition, it is understood that the joining method of the covered wire with the conductor in the 
present invention does not depend on the kind of the material constituting the cover of the covered wire. 
[0442] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
25 in Table 2. 

Example 13 
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[0443] This example is different from Example 6 only with the point in that the joining of the covered wire with the 
conductor (the bus bar electrode) was conducted using an eutectic solder in replacement of the Ag-paste. Specifically, 
an eutectic solder paste was coated on the cover-removed portion of the covered wire, the conductor (the bus bar 
electrode) was putted thereon, where a prescribed pressure was added from above so that the conductor (the bus bar 
electrode) itself was also fixed to the substrate (the photovoltaic element) through the fixing member (the double-coated 
adhesive tape), and thereafter, the conductor was heated from above to fuse the eutectic solder paste, whereby forming 
the joining portion between the conductor and the covered wire. 

[0444] In this example, there were prepared a plurality of photovoltaic elements having such specific electrode struc- 
ture as described in Example 6. 

[0445] In this example, for all the 42 covered wires, there was obtained the cover-removed open angle a of 120° ± 
30° , as well as in the case of Example 6. Because of this, the electrical connection of the wire of the covered wire with 
the bus bar electrode could be formed to have a sufficiently low electric resistance. Thus, the photovoltaic elements 
prepared in this example exhibited a photoelectric conversion efficiency of 1 0.0% on the average, which is satisfactory 
[0446] From the results, it is understood that the joining method of the covered wire with the conductor in the present 
invention provides pronounced advantages without depending on the kind of the joining method of the conductor with 
the covered wire. 

*5 [0447] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
in Table 2. 

Example 14 

50 [0448] This example is different from Example 6 only with the point in that the joining of the covered wire with the 
conductor (the bus bar electrode) was conducted by means of laser beam welding, without using the Ag-past. 
[0449] Specifically, without coating the Ag-past, the conductor (the bus bar electrode) was putted on the cover- 
removed portion of the covered wire, where a prescribed pressure was added from above so that the conductor (the 
bus bar electrode) itself was also fixed to the substrate (the photovoltaic element) through the fixing member (the 

55 double-coated adhesive tape), then on the surface of the conductor, there was coated a black ink material capable of 
preventing reflection of laser beam for the laser beam welding, and thereafter, while adding a prescribed pressure from 
above by means of a pressing jig so that the cover-removed portion of the covered wire was close-contacted with the 
conductor, YAG laser beam was radiated to the intersection of the conductor with the covered wire to fuse the corre- 
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varied as being -45° to 45° . Thus, the electric resistance for the electrical connection of thewire of thecove red wire 
with the bus bar electrode became higher than that in Example 6. Because of this, the average photoelectric conversion 
efficiency of the photovoltaic elements prepared in this example was 9.8%. which is smaller by 0.2% in comparison 
with that in Example 6. However this example is still effective. 
5 [0465] In view of the results of this example, it is understood that the method of fixing the covered wire to the substrate 
using the double-coated adhesive tape is more advantageous. 

[0466] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
in Table 2. 

10 Example 17 

[0467] This example is different from Example 6 only with the point in that the double-coated adhesive tape used in 
Example 6, the base member (11 03a) thereof was incorporated with a carbon series paint. The double-coated adhesive 
tape used in this example has an energy absorptivity of 90% against the energy of the YAG laser beam, which is higher 
15 than that of the double-coated adhesive tape used in Example 6. Hence, the ratio of the energy absorptivity of the 
cover of the covered wire to that of the fixing member in this example is 1 .000. 

[0468] In this example, there were prepared a plurality of photovoltaic elements having such specific electrode struc- 
ture as described in Example 6. 

[0469] In this example, when the laser beam was radiated to the covered wire, a damage was occurred also at the 
20 fixing member and in the portion where the covered wire was fixed on the substrate through the fixing member, slight 
peeling was occurred at a portion of the interface between the covered wire and the fixing member to which the laser 
beam was radiated. Because of this, the fixation of the covered wire became insufficient, where positional dislocation 
of the covered wire was occurred. 

[0470] In this example, due to this situation, the residual ratio of the cover material remained without being removed 
25 upon the cover removal was increased be 0,2% or less, which is inferior to the residual ratio of less than 0.1% in 
Example 6. 

[0471] Further, because of the insufficient fixation of the covered wire, the cover-removed angle was somewhat 
varied as being -45° to 45° . Thus, the electric resistance for the electrical connection of the wire of the covered wire 
with the bus bar electrode became higher than that in Example 6. Because of this, the average photoelectric conversion 
30 efficiency of the photovoltaic elements prepared in this example was 9.8%, which is smaller by 0.2% in comparison 
with that in Example 6. However, this example is still effective. 

[0472] In view of the results of this example, it is understood that to make the ratio of the energy absorptivity of the 
cover of the covered wire to that of the fixing member to be in a range of 0.0001 to 0.9999 is markedly advantageous. 
[0473] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
35 in Table 2. 

Example 18 

[0474] This example is different from Example 6 only with the point in that the step of adding the prescribed pressure 
40 in order to fix the conductor (the bus bar electrode) to the substrate (the photovoltaic element) through the fixing member 
(the double-coated adhesive tape) in Example 6 was omitted. 

[0475] In this example, there were prepared a plurality of photovoltaic elements having such specific electrode struc- 
ture as described in Example 6. 

[0476] In this example, when the conductor and the covered wire were joined, the fixation of the conductor could not 
45 be sufficiently conducted as in Example 6. Because of this, it was impossible to form the joining portion in a desirable 
state while sufficiently mutually contacting the conductor and the covered wire. Because of this, the electric resistance 
for the electrical connection of the wire of the covered wire with the conductor (the bus bar electrode) became higher 
than that in Example 6. Thus, the average photoelectric conversion efficiency of the photovoltaic elements prepared 
in this example was 9.8%, which is smaller by 0.2% in comparison with that in Example 6. However, this example is 
50 still effective. 

[0477] In view of the results of this example, it is understood that to fix conductor to the substrate through the fixing 
member is markedly advantageous. 

[0478] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
in Table 2. . 

55 

Example 1 9 

[0479] This example shows another detailed embodiment of the second aspect of the present invention, which is 
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(the double-coated adhesive tape), then on the surface of the conductor, there was coated a black ink material capable 
of preventing reflection of laser beam for the laser beam welding, and thereafter, while adding a prescribed pressure 
from above by means of a pressing jig so that the cover-removed portion of the covered wire was close-contacted with 
the conductor, YAG laser pulse beam 1307 was radiated to the intersection of the conductor with the covered wire to 
5 fuse the corresponding portion of the conductor and that of the covered wire, whereby a joining portion was formed 
between the covered wire and the conductor. The YAG laser beam radiated was 5 msec for the pulse width and 5 J 
for the energy. The radiation conditions of the YAG laser pulse beam were 5 J for the radiation energy, 5 msec for the 
pulse width, and about 1 mm for the radius of spot size. 

[0493] In this step, because the covered wire was fixed to the substrate by means of the fixing member while main- 
10 taining the cover-removed angle p in a range of -40° to 40° so that the cover-removed portion of the covered wire was 
surely faced toward the conductor (the copper foil), it was possible to very easily and surely form the joining portion 
having a desirably small electric resistance between the wire of the covered wire and the conductor (the copper foil). 
[0494] In this example, because the conductor (the copper foil) itself was fixed to the substrate through the double- 
coated adhesive tape (the fixing member), the joining portion could be easily formed. 
15 [0495] Separately, a plurality of joining portions between a plurality of the covered wires and a plurality of the con- 
ductors examination in accordance with the method of this example, and the yield in this case was examined. As a 
result, it was found that satisfactory welding was performed in 99.99 % of the joining portions. 

[0496] Further, in this example, as above described, the foregoing double-coated adhesive tape was used as the 
fixing member. Because of this, in comparison with the conventional method in that the covered wire is fixed by winding 

20 it around the conductor, the bonding power of the interface between the fixing member and the covered wire became 
greater and in addition, the area of the interface was increased, where stable fixing could be readily attained. Further, 
because the double-coated adhesive tape was used as the fixing member, moderate and stable bonding power could 
be instantly attained for the interface between the covered wire and the fixing member. Further in addition, because 
the double-coated adhesive tape had a moderate elasticity, the bonded interface between the double-coated adhesive 

25 tape and the covered wire desirably absorbed a stress so that no peeling was occurred at the interface, although the 
covered wire was elongated due to the radiation of the energy beam. And the positional dislocation of the covered wire 
when the energy beam was radiated thereto was of a slight extent such that the cover-removing rate is not decreased. 
[0497] As a result of having examined the energy absorptivity of the double-coated adhesive tape (used as the fixing 
member) for YAG laser beam, it was found to be 5%. Similarly, when the energy absorptivity of the cover of the covered 

30 wire was measured, it was found to be 80%.. Thus, the ratio of the energy absorptivity of the fixing member to that of 
the cover of the covered wire is 0.0625. 

[0498] Because of this, only a prescribed cover portion of the cover of the covered wire can be selectively removed 
by the radiation of the laser beam without the fixing member being damaged by the laser beam. In this connection, it 
was possible to increase the intensity of the energy beam, and the residual ratio of the cover material remained without 
35 being removed upon the cover removal could be made to be less than 0.1% which is very small. 

[0499] The constituents in this example are shown in Table 1 and the evaluated results in this example are shown 
in Table 2. 

Comparative Example 5 

[0500] This comparative example is different from Example 6 with the point in that without fixing the covered wire on 
the substrate (the stainless steel plate) through the double-coated adhesive tape (the fixing member), the energy beam 
is radiated and the covered wire and the conductor are joined. 

[0501] In FIG. 12, the steps of this comparative example are shown. In FIG. 12, reference numeral 1401 indicates 
o a covered wire comprising a wire 1401a whose surface is covered by a cover 1401b. This covered wire is the same 
as that used in Example 1 9. Reference numeral 1402 indicates a substrate which is the same as that used in Example 
19. 

[0502] In the following, description will be made of the three steps which are different from Example 1 9. 
so Step 2: 

[0503] The covered wire 1401 having a desired length was extended in the air by pinching its opposite end portion 
by clips 1406 as shown in FIG. 12(a). 

[0504] Specifically, the covered wire 1 401 was fixed by pinching the opposite end portions thereof by clips 1 406, and 
55 it was wired in the air while supplying a tensile force thereon in the longitudinal direction. Step 3: 

[0505] The energy beam 1404 comprising the same YAG laser beam as in Example 1 9 was radiated to the covered 
wire which was wired in the above [see, FIG. 12(b)). 

[0506] By the radiation of the energy beam 1404 in this way, for the covered wire, a cover portion thereof to which 
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[0522] It is possible to markedly improve the reliability of an electrode structure in which a covered wire is used. And 
for a photovoltaic element having an electrode structure of the present invention, even when a load is added thereto, 
it is possible to maintain the photoelectric conversion efficiency in a desirable state. 

[0523] According to the cover-removing method for a covered wire in the present invention, it is possible to markedly 
5 diminish the residual cover material in comparison with the conventional cover-removing method. 

[0524] According to the joining method of joining a covered wire and a conductor in the present invention, it is possible 
to easily and surely attain joining with a low electric resistance. In addition, it is possible to easily and surely join a 
plurality of covered wires to one conductor at the same time. And it has a pronounced effect to desirably simplify the 
steps in the case of forming an electrode structure having a number of joining portions for the 1 covered wires and the 
10 electrodes while improving the yield. The joining method of the present invention provides pronounces advantages 
particularly in the production of a solar cell having a plurality of covered wires and a plurality of bus bar electrodes. 
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Table J (continued 1) (to be continued) 
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Table 1 (continued 2) 
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Table 2 
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cover-removed 
angle (p) (• ) 


cover- removed 
open angle ( a) 
(°) 


proportion of 
residual cover 
portion 
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conversion 
efficiency 


yield of joining 
process 




Example 6 


more than -40 
less than 40 


12O±30 


less than 0.1% 


10.0% 




10 


Example 7 


more than -40 
less than 40 


120±30 


less than 0.1% 


10.0% 


- 




Example 8 
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less than 40 


1 20±30 


less than 0.1% 


10.0% 


- 


15 


Example 9 


. more than -40 
less than 40 
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less than 0.1% 
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Example 10 
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less than 0.1% 


10.0% 


- 


20 


Example 11 
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1 20±30 


less than 0.1% 
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25 


Example 13 
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Example 14 
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10.0% 


■ 


30 


Example 1 5 


more than -40 
less than 40 


12O±30 


less than 0.1% 


15.0% 


- 




Example 1 6 


more than -45 
less than 45 


120±30 


less than 0.2% 


9.8% 
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35 


Example 1 7 
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9.8% 
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Example 18 
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less than 0.1% 


9.8% 


_ 


40 


Example 1 9 
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Example 20 
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less than 0.2% 




99.89% 


45 


Comparative 
Example 4 


more than -90 
less than 90 
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less than 0.5% 


9.8% 




Comparative 
Example 5 


more than -80 
less than 80 


110±40 


less than 0.5% 




95.00% 



[0525] A photovoltaic element having a wire disposed on a surface of said photovoltaic element for outputting a 
so power generated by said photovoltaic element, and an electrode electrically joined with said wire while forming a joining 
portion, wherein said joining portion of said wire and said electrode has at least a first joining portion and a second 
joining portion which is adjacent to said first joining portion, and said second joining portion has an elasticity which is 
greater than that of said first joining portion. A process for the production of said photovoltaic element. A method for 
forming an electrical continuity between a covered wire and a conductor, including a method of removing a cover portion 
55 of said covered wire and a method of joining said covered wire with said conductor. 
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Claims 



ganara.od by said photovoltaic alamom, and an ^^J^^Xm . tirat pining portion and a aacond 
is greater than that of said first joining portion. 

3 - T.Z^^7^^^ wrtiort * d„e,an, «, ft. o, aaid second loiniog port,,, 

" '■ ISSS^' »— ™ K « sa,d seo " d loin '" 9 a tMl " 



material. 



5. 



20 



25 



rr~™a?rprtir« iaas, a ft.«=, safcced - . — ■— - - - ~ ** *" 
Ni, Zn, Cu, and alloys of these metals. 



resin. 



30 8 A photovoltaic element according to claim 4, 

wherein said resin material contains a coupling agent. 

trode functions as the second joining portion. 

10 A photovoltaic element according to claim 1 , 
40 wherein the wire comprises a fine metal wire. 

11. A photovoltaic element according to claim 1 , 
wherein the electrode is a bus bar electrode. 

12 . A p„ca,s Pacing a ph»,o»o,„,c — ha»!n 9 . artra diaposad on J-^J 

elasticity between said wire and said electrode. 

13. Aprocaaa.orpac^ftg.pho^o — 



45 



50 



55 



(a) removing part of said cover of said covered wire to form a cover-removed portion at said covered wire, 
P fTxing severed wire on the surf ace ^^^^ said cover-removed portion 
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15 
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wire is joined with said electrode. 

14. The process according to claim 13 ; wherein said step (b) is conducted before said step (a). 

1 5. The process according to claim 1 3, wherein said second joining portion has an elasticity which is greater than that 
said first joining portion. 

16. The process according to claim 13, wherein said step (a) is conducted by radiating a laser beam to said part of 
said cover of said covered wire. 

17. The process according to claim 1 6, wherein the direction for said laser beam to be radiated is adjusted by means 
of a rotary mirror or a rotary prism. 

1 8. The process according to claim 1 6, wherein said laser beam comprises a YAG laser beam modulated by a Q-switch. 

19. The process according to claim 13 which further includes a step of supplying a metallic material in said cover- 
removed portion. 

20. The process according to claim 13, wherein said cover of said covered wire comprises an electrically conductive 
20 resin material. 

21. The process according to claim 13, wherein said cover of said covered wire contains carbon black or graphite. 

22. A method for removing of a desired cover portion of a covered wire comprising a wire whose surface is covered 
25 by a cover, said method including the steps of: 

(a) fixing at least part of said covered wire on a substrate through a fixing member, and 

(b) radiating an energy beam to at least part of said covered wire which is fixed on said substrate to remove 
said desired cover portion whereby forming a cover-removed portion at said covered wire. 

30 

23. The method according to claim 22, wherein said fixing member comprises an adhesive material. 

24. The method according to claim 22, wherein said fixing member comprises a double-coated adhesive tape. 

35 25. The method according to claim 22, wherein said fixing member has an energy absorptivity (i) against an energy 
of said energy beam, said cover of said covered wire has an energy absorptivity (ii) against said energy of said 
energy beam, and the ratio of said energy absorptivity (i) to said energy absorptivity (ii) is 0.0001 to 0.9999. 

26. The method according to claim 22, wherein said substrate is a photovoltaic element, and said covered wire is a 
40 collecting electrode. 

27. A method for joining a conductor and a covered wire comprising a wire whose surface is covered by a cover, said 
method including the steps of: 

45 (a) fixing at least part of said covered wire on a substrate through a fixing member. 

(b) radiating an energy beam to at least part of said covered wire to remove a desired portion of said cover of 
said covered wire to form a cover-removed portion at said covered wire, and 

(c) joining said conductor with said cover-removed portion of said covered wire and also with a portion of said 
cover of said covered wire which is adjacent to said cover-removed portion. 

50 

28. The method according to claim 27, wherein said fixing member comprises an adhesive material. 

29. The method according to claim 27, wherein said fixing member comprises a double-coated adhesive tape. 

55 30. The method according to claim 27, wherein said fixing member has an energy absorptivity (i) against an energy 
of said energy beam, said cover of said covered wire has an energy absorptivity (ii) against said energy of said 
energy beam, and the ratio of said energy absorptivity (i) to said energy absorptivity (ii) is 0.0001 to 0.9999. 
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